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YOUR QUESTIONS 
| ANSWERED 


@ How much data can my brain hold? 
= |s personality genetic? | 
(s s Coulda moon have a moon? 


™ SELF-PARKING | 
; CAR ON TEST 
= We tried to fool Ford's 


: new Kuga - could its 
=) computer outsmart us? 
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SOME FEAR CHANGE, 
OTHERS DRIVE IT. 


THE NEW ELECTRIC BMW is. 


Official fuel economy figures for the BMW i3: mpg N/A, CO2 emissions 0 g/km, nominal power output (electric motor) 75/102 kW/hp at 4,800 
customer orientated range 80-100 miles, total range (combined cycle) 118 miles. Official fuel economy figures for the BMW i3 with Range 


customer orientated range without use of Range Extender 75-93 miles, weighted combined cycle total range 211 miles, weighted combined 
service mark of Apple Inc. *The price shown applies after the HM Treasury Plug-In Car Grant of £5,000 has been deducted (subject to eligibility), On the road cash price includes 3 year unlimited 


19" alloy wheels: £680 and Interior world - Lodge: £1,500. 


At BMW we always lead the charge when it comes to innovation, but our latest car is more than just innovative; it’s a leap 
forward in automotive history. The new BMW i3, born electric from the ground up. All it needs now is pioneers; those driven 


enough and bold enough to experience the thrill of pure electric driving pleasure. The world is becoming electric. Don’t wait. 


It’s time to lead. Available now from £25,680 OTR (price includes the HM Treasury Plug-In Car Grant of £5,000)* Sign up 
for a test drive today at becomeelectric.co.uk 


Take a virtual test drive, download the ‘BECOME ELECTRIC’ free app. 


0 Available on the ANDROID APP ON, 


App Store [i > Google play 


r ~ 
2? ASK THE BMWi GENIUS. TEXT FREE 84737 < TEST DRIVE 0800 0640 360 
> 


The Ultimate 
Driving Machine 


rpm; peak power output (electric motor) 125/170 kW/hp, total average energy consumption per 62 miles/100 km (combined cycle) 12.9 kWh, 
Extender: mpg 470.8, COz2 emissions 13 g/km, total average energy consumption per 62 miles/100 km (weighted combined cycle) 11.5 kWh, 
cycle range without use of Range Extender 106 miles. Figures may vary depending on driving style and conditions. Google Play is a trademark of Google Inc. App store is a 
mileage BMW i3 Warranty and BMW i Mobile Care, vehicle first registration fee, vehicle excise duty, delivery, number plates and VAT. Model featured has optional metallic paint: £530, upgraded 
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John Lewis Currys®)PCWorld JESSOPS amazoncouk () camera 


OLYMPUS 


Your Vision, Our Future 


ULTRA SLIM 28-300mm 1:2.8 1. @UIKO 


and all good photographic stockists 


SELFRIDGES&C® = PARKCameras @ 


HONDA 


The Power of Dreams 


The efficiency you need, and the performance you want. 
Find both in a Honda CR-V. 


honda.co.uk/moresmiles 


WHATCAR? 


8 years as the UK’s most reliable car brand S E RVICING 


T Jf) _ Fuel consumption figures for the CR-V 1.6 i-DTEC SE in mpg (I/100km): Urban Cycle 58.9 (4.8), WARRANTY 
Extra Urban 65.7 (4.3), Combined 62.8 (4.5). CO, emissions: 119g/km. Fuel consumption figures 
sourced from official EU-regulated laboratory test results, are provided for comparison purposes ROADSIDE ASSIST 
and may not reflect real-life driving experience. 


Model Shown: CR-V 1.6 i-DTEC SE Manual in optional Passion Red Pearl at £25,160 On The Road. Terms and Conditions: New retail CR-V 1.6 i-DTEC SE Manual registered from 2 January 2014 to 31 March 2014. 
Subject to model and colour availability. Offers applicable at participating dealers and are at the promoter’s absolute discretion. The 5 Year Care Package includes: Servicing: All scheduled servicing, as detailed 
in the vehicles service book, will be covered for 5 years or 62,500 miles, whichever comes first. Warranty: In addition to the standard 3 year warranty the customer will receive a complimentary 2 year extended 
guarantee taking the warranty to 5 years or 90,000 miles, whichever comes first. Roadside Assist: In addition to the standard 3 years roadside assistance package the customer will receive complimentary Hondacare 
Assistance for a further 2 years, taking it to 5 years or 90,000 miles, whichever comes first. The 5 Year Care Package: The 5 Year Care Package is optional. It is being offered for £500 including VAT (usual value 
£1,845 including VAT) and is available to finance or non-finance customers. Please note, should you sell the vehicle during the period of cover, the package remains with the vehicle. 


WELCOME 


REMEMBER TOTAL RECALL? If you don't, either your 
memory isn’t what it was or you're too young. If you do, 
you might not know that the fictional feats of memory 
manipulation in the film are beginning to have a basis 

in fact. It's thanks, of course, to the latest advances 

in neuroscience. On p43 we investigate how to delete 
memories and implant false ones as well as improve 


your existing memories. Could it be used for fake 


holidays on Mars? Maybe, but more likely it'll help us treat 


conditions like post-traumatic stress disorder. 
Now where was |? Ah yes... we also look at a new material that could 
transform the world. Okay, so it doesn't actually exist, but scientists are 


spending a lot of time looking for a substance with ‘thermoelectric’ properties to 
harness energy that's currently being lost. Chris Edwards has the story on p5/. 
Elsewhere, we reveal the fascinating story of the early computing pioneers 
who made your smartphone possible (p100). We celebrate the International 
Year of Crystallography with a look at the wonderful world of crystals on p66. 
And we also discover how to clean up space (p62), why oxytocin may not be 
the ‘moral molecule’ after all, and robots to take on your household chores (p97). 


Enjoy the issue. 


Coals 


Graham Southorn, Editor 


P.S. 


Don’t miss our May issue, 


on sale 3 April 2014 
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© EDITORIAL ENQUIRIES 


editorialenquiries@sciencefocus.com 
0117 314 7388 


© SUBSCRIPTIONS 


focus@servicehelpline.co.uk 
0844 844 0260* 
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http://sciencefocus.com/contact 
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FOCUS DIGITAL 


AVAILABLE ON YOUR DEVICE 


THIS MONTH W 


tested a self- 
parking car while 
wearing a blindfold. What 
would possibly go 
wrong? See if our blind 
faith paid off in the review 
of Ford's new automated 
parking system on p92. 


..Met fearless 
self-experimenter 
Michael Mosley at the 
School of Hygiene and 
Personal Medicine to talk 
about his tapeworms. 
Listen to the conversation 
on this month's podcast. 


..spoke to leading 
forensic scientist Mike 
Silverman about the 
technology that’s helped 
him to identify and convict 
dozens of criminals from 
microscopic pieces of 
evidence - see p12. 


ON SALE NOW! 


PS Our fantastic 

new special issue 

The Big Book Of Top 
10s is on sale now: 
www.buysubscriptions. 
com/focus10 


BOOK 
TOP10s 


Nicola 
Davies 


and researcher 
specializing in all 


things health and psychology related. 
On p43 she looks at the scientists who 
are manipulating human memory. 


WANT T0 


SUBSCRIBE? 


Dr Davies is a journalist 


APPEARING IN THIS ISSUE... 


Chris 
Edwards 


Chris is a freelance 
writer and editor who 


reports on electronics. 


we generate energy. 


Turn to p36 to save 40% on 
the shop price of BBC Focus 


In this issue on p57 he looks at a type 
of material that could change the way 


Sarah 
Houlton 


Dr Houlton is a 
journalist who holds 

a PhD in organic 
chemistry from Imperial College 
London. Turn to p66 for her tour 
around the wonderful world of crystals. 


Chris 
Welch 


A professor of 
astronautics and 
space engineering, 
Chris Welch reveals on p62 how space 
agencies plan to tackle space junk with 
robotic jellyfish and lasers. 


SUBSCRIBER on p36 William Bynum discusses the science of 
bacteriology and how it could transform medicine 
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54 MONUMENT SECRETS 
57 WONDER MATERIAL 
G2 SPACE JUNK 

73 Q&A 

92 SELF-PARKING CAR 


MEMORY 

Scientists are 
closing in on ways to 
implant, improve and even 
delete your memories 


MONUMENT 
MYSTERIES 
Why engineers are scanning 
ancient architectural 
wonders with lasers 


THE WONDER 
MATERIAL 
The global race to discover 
substances that generate 
electricity from heat 


SPACE JUNK 

The incredible ways 
that space agencies are 
planning to clean up space 


THE WORLD OF 
CRYSTALS 
They form a plethora of 
beautiful patterns; discover 
the science behind crystals 


UNDER THE 
INFLUENCE 

Why our lives are governed 
y the ‘hug hormone’ 


HOW DO WE 
KNOW...? 
A history of computing from 
early calculating machines 
to the age of electronics 
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21 STEM CELL 
BREAKTHROUGH 
Regenerative medicine 
comes a step closer 


25 CUTTLEFISH COPIED 
How scientists are trying to 
harness the sea creature's 
colour-changing ability 


28 READY FOR TAKE-OFF 
The incredible jumping 
technique of the salamander 


30 PHARAOH FOUND 
The tomb of an Egyptian 
king is yielding its secrets 


Uf 


We want to know what you think - the more we know about you, the better placed we are to bring you the best magazine 


QAQA A 


35 ROBERT MATTHEWS 
Medical trials are pointlessly 
being run more than once and 
it could prove dangerous 


39 HELEN CZERSKI 
Helen marvels at how sound 
behaves underwater 


41 STEPHEN BAXTER 
The film Elysium centred on a 
huge space station, but what 
would we use one for? 


122 HOLLYWOOD SCIENCE 
Falling in love with an operating 
system: Spike Jonze’s Her 


89 JARVIS 

Intel wants to put a virtual 
assistant in your ear that 

you'll be able to chat with 


92 FORD KUGA 

We test drive Ford's new car 
that can park itself at the 
push of a button 


95 APPLIANCES 
OF SCIENCE 
Cool and clever new kit 


97 ULTIMATE TEST 
Hate chores? We review five 
robots that will do the cleaning 


107 PICK OF THE MONTH 
Coming soon to BBC One: 
Monkey Planet 


108 WATCH & LISTEN 
Science on TV and radio, 
including a sneak preview of 
the Cosmos reboot 


110 TOUCH 
Smartphone and tablet apps 


111 VISIT 
Great science days out 


112 READ 
The month's science books 


10 MEGAPIXEL 
Stunning images from 
the world of science 


16 REPLY 
Your letters, emails and tweets 


73 Q&A 
Why are some people scared 
of holes? Can a moon have 
a moon? Will there be a male 
pill? Our experts answer 
these and more! 


119 MINDGAMES 
A quiz and crossword to give 
your grey matter a workout 


Za 


possible. So join our online reader panel, ‘Insiders’. Log on to www.immediateinsiders.com/register to fill out a short 


survey and we'll be in touch from time to time to ask for your opinions on the magazine. We look forward to hearing from you. 


CMM 


BBC Focus Magazine (ISSN 0966-4270) is published 13 times a year by Immediate Media Company Bristol, Sth Floor, Tower House, Fairfax Street, Bristol BS1 3BN, UK. Distributed in the US by Circulation Specialists, Inc., 2 Corporate Drive, Suite 945, 
Shelton CT 06484-6238. Application to mail at Periodicals Postage prices pending at Shelton, CT and additional mailing offices. POSTMASTER: Send address changes to BBC Focus Magazine, P.0. Box 37495, Boone, IA 50037-0495. 
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Awe-inspiring images from the world of science 
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Cloud control 


ONE HUNDRED METRES below 
the ground, the CLOUD (Cosmics 
Leaving Outdoor Droplets) 
experiment unfolds. This is the 
top of the cloud chamber where 
beams of ionising particles, 
tuned to mimic the cosmic 
radiation that rains relentlessly 
down on Earth, are fired through 
plumes of atmospheric gases. 
The experiment is investigating 
the effect of cosmic radiation on 
cloud formation, an important 
factor in understanding the Sun's 
role in climate change. 

To mimic atmospheric 
conditions, the chamber must be 
kept as free from impurities as 
possible. “We're the only cloud 
chamber in the world that can 
do these experiments at the 
required level of cleanliness,” 
said CLOUD spokesperson 
Jasper Kirkby. “It’s a big subject 
but we'll answer the question 
definitively in about 10 years.” 

So far, CLOUD has blasted 
high energy particles at amines, 
derivatives of ammonia. Next 
up will be sweet-smelling 
monoterpenes. “When you go 
into the forest that lovely smell 
is the monoterpenes. They're 
organic compounds with a lot 
of carbon inthem and we will try 
to understand how they interact 
with cosmic radiation.” 

The’experiment is at CERN, the 

-European nuclear research facility 
located in France and Switzerland. 


PHOTO: CERN 
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For more great pictures, follow us on 
http://pinterest.com/sciencefocus 
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Horsing around 


LIKE PUPPETS FROM a 
children’s TV show, these 
bizarre-looking creatures 
seem to be posing for the 
camera. Though often 
referred to as False Stick 
insects, they are actually 
Horsehead grasshoppers. 

Their appearance as 
bulbous-eyed twigs is an 
adaptation to help them 
blend in with trees in 
the Peruvian rainforest. 
“Some grasshoppers in 
other parts of the world 
have an elongated shape 
and a slanted face, but 
not as extreme as this,” 
says Dr George McGavin, 
entomologist and BBC 
presenter. “The females reach 
about 16cm in length and they 
can jump a fair way.” 

In fact, neurobiologists 
from the University of 
Leicester have discovered 
that Horsehead grasshoppers 
jump without using muscles 
thanks to the unusual 
properties in their limbs and 
joints. It is hoped this could 
help in the development of 
robotic and prosthetic limbs. 


PHOTO: CATERS 
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Rocky start, flying finish 


AFTER SPECTACULARLY 
crashing in 2012, the team 
working on NASA's 
‘Morpheus’ most likely 
wished they could have 
taken a blue pill and 
forgotten about the whole 
ordeal. But now the 
prototype lander has found 
its second wind after 
successfully completing 
two flights in one week. 

During the latest test flight 
the lander stayed in the air 
for 64 seconds and reached 
a height of 91m. On the way 
back down it avoided rocks, 
craters and other obstacles 
to land within 30cm of its 


PHOTO: NASA 


target pad. Morpheus is a 
re-usable vehicle propelled 
by a liquid oxygen-methane 
engine. It’s capable of 
vertical take-off and landing 
and can scan surfaces for 
potential hazards before 
touching down. The hope 
is that it will eventually be 
able to land unaided on 
craggy surfaces like the 
Moon or asteroids. 
“Morpheus itself was 
never intended for human 
spaceflight, but these 
technologies have potential 
for future human missions,” 
says Morpheus project 
manager Jon Olansen. 


PHOTO: GETTY ILLUSTRATOR: MAGICTORCH 


REPLY 


Your opinions on science, technology and BBC Focus Magezine 


I do not share Stephen Baxter’s optimism 
about the future (February, p31). He feels 
the advent of advanced robots will allow us 
to ‘rediscover the rich cultural life enjoyed 
by our less pressured ancestors’. Early 
hunter-gatherers could probably survive 
perfectly well on only 40 hours work per 
week, leaving plenty of time for leisure. 
However, it was no utopia; unpleasant 
death could stalk around any corner. 

A future where virtually all work is 
carried out by robots is likely to be much 
worse. The idea of limitless leisure may 
sound attractive, but for people from very 
wealthy backgrounds, the leisure it affords 
often leads to unhappiness. The necessity 
to work for a living, although it seems 
onerous, leads to a feeling of self-worth, 


i +) 


DocMagic 


Robot)Postman Pat - works 
longer hours and doesn’t 
require a cute companion 


which then makes the leisure enjoyable. 

A future where vast swathes of society 
have nothing to do is a recipe for disaster. 
One could visualize a dystopian future 
with hordes of troublemakers kept under 
control by a powerful elite doing all they 
can to retain the status to which they feel 
entitled. There’s enough trouble at present 
getting society to support those who are 
out of work. Those problems will tend to 
get worse. It doesn’t have to be that way 
but for a wonderful future, intelligence and 
compassion will be required. 

Geoff Dunwell, Maidenhead 


I’m not as pessimistic but I do wonder 
where the cut-off in robot capabilities will 
be. What jobs won’t they be able to do? - Ed 
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reply@sciencefocus.com 


BBC Focus Magazine, Tower House, 
Fairfax Street, Bristol, BS1 3BN 


W @sciencefocus 
[IE] www.facebook.com/sciencefocus 


Letters may be edited for publication 


With reference to the article in January’s 
edition on astrology, the only ‘twaddle’ 
(as Robert Matthews put it), was the 
column he wrote on a subject he clearly 
knows nothing about. Should he do just 
an ounce of research he would find it 

is a valid science in itself. The police 

and ambulance service know that on a 
full Moon they have a lot more call outs 
than normal. Also, what Robert does not 
know is that astrology is based on your 
ascendant sign, not your sun sign (‘star 
sign’). The sun only describes your major 
personality traits; the ascendant (rising) 
sign predicts what is going to transpire. 
He should visit www.astrolada.com - the 
owner of the site, Lada Duncheva, does 
monthly predictions on YouTube, which I 
have to say are astoundingly accurate. 
Chris MacLennan 


Robert Matthews replies: 

People keen on astrology all too often 
see only what they want to, and this 
seems to have happened with my article. 
T explicitly stated that many a 
reject the ‘Your stars today’ 
guff based on sun signs. I 
also explicitly stated that 
the idea that the Sun, Moon 
and planets influence our 
lives is undoubtedly true. 
The problem for astrologers 
is that their claims for 
how these influences 
actually manifest 
themselves have 
been tested - and 
they’re not true. 


In the February instalment of your 
magazine (p44), I stumbled across the 
article explaining the ins and outs of 
how we're preparing to go to Mars and 
what we plan to do there. The selection 
process is an interesting way of choosing 
a man or woman to take on the daunting 
adventure. It brings to mind The Hunger 
Games — something so huge and life- 
threatening decided by something as 
trivial as a television show. 
When the winning 
contestant of the show 
steps onto the surface 


of the Red Planet, I can imagine Houston 
laughing and cheering and bending down 
to the transmitter radio: “May the odds 
be ever in your favour”. 

Jack Irvine, Shetland 


Skin therapy 

In Britain’s Biggest Magnifying Glass 
(December, p60), Dr Danny Axford 
posited that standing near the beam 

line would mean ‘you’d pretty much die 
from acute radiation poisoning’. Without 
getting Dr Axford to put his hand in for 
the sake of science, I contend that he 
might survive a brush with the beam. 
Prohibitively expensive proton therapy 
can be used for localised treatment of 
some cancers, albeit at much lower 
energies, and there is the intriguing story 
of Anatoli Bugorski. An accident with 

a 1978-era Soviet synchrotron led to a 
proton beam in his face and through his 
head. One of the stranger side effects was 
the apparent freezing in time of half of 
Bugorski’s face. Some of his skin remains 
as taught as the day his head went into 
the beam, whilst the rest ages naturally. 
Coming to a beauty clinic near you soon... 
Jack Williams, London 


Could proton beams stop our faces from ageing? 


Here's to caffeine 
I’m typing this while sipping a cup of 

tea, and earlier I had a Diet Coke and 

this morning a large flask of coffee and - 
guess what - it hasn’t affected me in any 
negative fashion. Indeed, it helped me get 
through my workload and kept me going 
ona dreary journey. Disregarding the 
rather worrying article in the December 
issue (p37) and Ethan Douglas’s follow- 
up letter, I believe caffeine is quite 

safe and our bodies are 
the ultimate judge. In 
fact, for every article 
knocking this fantastic 
elixir I reckon I could 
find two more positive - 
for instance, the recently 
released research that 
lists the benefits of 
caffeine on memory. 
Truly, life without 
caffeine would not be 
worth living. 

Ian Brooks, Cupar 


Biscuit blunder 


I adore your Q&A 
section. However, 
the question ‘Are 
biscuits addictive?’ 
(February, p73) was illustrated with a 
tremulous tower of Jaffa Cakes, which 
even HMRC are forced to agree are, 
indeed, cakes. On a personal note, I 
suspect that biscuits may indeed be 
addictive. I have no doubt that my 
waistline would benefit from chocolate 
Hob Nobs being reclassified as a Class A 
controlled substance. 

Kevin Connerley, Peterborough 


Question of philosophy 
On February’s cover you claim to explain 
‘Why there’s a hidden world of 

dark matter under your nose’. 

The article inside fails 

to answer this. Science 

is (or will be) equipped 

to answer: ‘What is dark 
matter?’. Perhaps ‘why’ 
questions are best left to 
religion or philosophy. 
John Pepperdine, Norwich 


YOUR COMMENTS ON 


FACEBOOK 


On facebook.com/sciencefocus, we 
asked ‘Is it possible to fall in love with a 
computer?’, the plot of the film Her 


Nick Wilson: Going on the lines of the 
film, yes. Have you ever fallen for a voice 
before meeting the person? Emotion and 
sensation are connected in some ways 
but are separate. Love is generated by 
minds... intelligence. 


Ross Kobak: As long as it didn’t have a big 
chip on its shoulder. |'ll get my coat... 


Angela Halsall: It's certainly an interesting 
concept. Is it much different from people 
who fall in love over the internet, never 
having met? 


Ross Kobak: There's a good episode 
of The Twilight Zone (The Lonely’ that 
considers the implications of this. 


Turn to Hollywood Science on 
p122 for more about the movie Her 


Oops! 

¢ In February (p23) we spelled 

Arctic Tern incorrectly. In March 
(p76), figures for Lansoprazole and 
Bendroflumethiazide should have been 
19 million and 17.3 million respectively. 
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pcspecialist 


Infinity A10 Pro Elite PC 
“This PC's base specification is a bargain 
andit's all the better when you adda 
graphics card..” 

Kat Orphanides, Expert Reviews 


Fusion 650 Gaming PC 

Game at the next level with the Fusion 650 
PC. With AMD FX technology and AMD 7 
Series Graphics, the Fusion 650 will breeze 
through any game. 


AMD A10-6800K Quad 
Core APU 

+ Windows8.1 

+ 8GB Kingston Hyper-X 
1600MHz RAM 

+ 1TBSATAIIl6Gb/s HDD 

= AMD Radeon HD 8670D 

+ PCS Defensor Gaming Case 

3 Year Silver Warranty 


AMD FX 6350 CPU 

Windows 8.1 

8GB Samsung DDR3 
1333MHz RAM 

1TB SATA Ill Hard Drive 

1GB AMD Radeon R7 250 
10x BluRay ROM Drive 

PCS Maelstrom Gaming Case 
3 Year Silver Warranty 
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SkyFire Ill X14 Laptop - NEW! 
“This is easily the most pleaseing gaming 
laptop I've reviewed in years, ticking all the 
boxes... 

Dave James, PC Format 


Optimus V Laptop - NEW! 
“Performance is mostly smooth and 

versatile and you'll have to go way above 
the £1,000 point to find all these features” 
Robin Morris, PC Advisor 


+ 14"LED Display (1600 x 900) 

+ 4th Gen Intel® Core™ 
i7-4700MQ Processor 

- Windows 8.1 

- 8GBSamsung DDR3 
1333MHz RAM 

- SOOGB Seagate SSHD 

- 2GB nVidia GeForce GTX 760M 

3 Year Silver Warranty 


17.3” LED Display (1920 x 1080) 

+ 4thGen Intel® Core™ 
i7-47000M Processor 

+ Windows 8.1 

+ 8GB Kingston Hyper-X 
1600MHz RAM 

+ 120GB Kingston 3K SSD 

+ 2GBnVidia GeForce GTX 765M 

3 Year Silver Warranty 


PC Specialist recommends Windows 8.1 
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Vanquish GT1 Gaming PC 
“a great balance of performance and 
features at a sensible price...” 

Paul Monckton, PC Advisor 


4th Gen Intel® Core™ 

i5-4670K Processor 

+ Windows8.1 

+ 8GB Kingston Hyper-X 
2400MHz RAM 

+ 120GB Kingston SSD 

+ 1TB SATA III Hard Drive 

+ 2GBNVIDIA GTX 770 Graphics 

3 Year Silver Warranty 


Vortex IV X780 Laptop 


“For jaw-dropping performance at a cost 
that makes your bank manager, a worth 
winner of our OC3D Performance Award..”” 
Bryan Waters, OC3D.net 


17.3” LED Display (1920 x 1080) 
+ 4th Gen Intel® Core™ 
i7-4700QM Processor 
+ Windows8.1 
+ 8GB Kingston Hyper-X 
1600MHz RAM 
+ 120GB Kingston SSD 
+ AGB nVidia GeForce GTX 780M 
3 Year Silver Warranty 


Unleash the gamer 
within you... 


| ~~ AWARDWINNING 
or CUSTOM PCs & 
= li LAPTOPS FROM THE 
Via ease UK's LEADING 
=a: MANUFACTURER! 


Vanquish R4 Gaming PC 

“PC Specialist clearly knows how to builda 
high performance rig -The Vanquish R4's 
tidy build quality is testament to that.” 
Parm Mann, HEXUS.net 


Vanquish 912 Gaming PC 
“A good system, and you can't get much 
hotter - or should we now say cooler?” 

Robin Morris, PC Advisor 


Vanquish Enforcer PC 
“A.well built, well rounded gaming system 


with plenty of power on tap for 2560 x 
1600 gaming, rendering & video editing...” 
Zardon, KitGuru.net 


4th Gen Intel® Core™ 
i5-4670K Processor 
Windows 8.1 

16GB Kingston Hyper-X 
1600MHz RAM 


4th Gen Intel® Core™ 

i5-4670K Processor 

- Windows 8.1 

+ 16GB Kingston Hyper-X 
1600MHz RAM 

+ 120GB Kingston SSD 

+ 2GBnVidia GeForce GTX 770 

+ CoolerMaster HAF 912 Case 

3 Year Silver Warranty 


Ath Gen Intel® Core™ 
iS-4670K Processor 
Windows 8.1 

16GB Kingston Hyper-X 
2400MHz RAM 

240GB Kingston SSD 

3GB nVidia GeForce GTX 780 
CM Storm Enforcer Case 

3 Year Silver Warranty 


120GB Kingston SSD 

3GB AMD Radeon HD 7950 

Fractal R4 Silent Performance Case 
3 Year Silver Warranty 


Vanquish Prodigy Mini PC 


3rd Gen Intel® Core i5-3570K 


: + Windows 8.1 
66¢...an overclocked Core i5 processor, 8GB of «SCE Kinaeton ByeeXRAM 
memory, a solid-state system drive anda - 120GB Kingston HyperX SSD 
GeForce GTX 660Ti provide a near-perfect | - 1TBSerial ATA III Hard Drive 
rati for hi % li full-HD + 2GB nVidia GeForce GTX660Ti 
COnigu on 2 gh gue ty, u + Corsair TX650 Power Supply 
gaming. - Corsair Hydro H40 Cooler 


BitFenix Prodigy Case (Black) 
Parm Mann, HEXUS.net + 3Year Silver Warranty 


0844 499 4000 
www.pcspecialist.co.uk 
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DISCOVERIES 


News and views fromthe world of science | 


GRAPHENE i CUTTLEFISH GIRAFFE 
CHIPS ARE HERE 4; a CAMOUFLAGE EXECUTION 
The material that’s AS Se The vibrant sea ; i We ask whether 
set to revolutionise cs creature gives A a Danish zoo was 
electronics takes a up its colour- uf l right to kill off one 
step forward changing secrets of its residents 


THE BIG STORY 


GAME-CHANGING 
STEM CELL 


DISCOVERY 


Personalized medicine 
is a step closer, thanks 
to the development of 
a new technique 


A REVOLUTIONARY METHOD for 

creating cells that can grow into any 

type of tissue has been developed by 

scientists in Japan, potentially ushering 

in a new era of personalised medicine. 

Researchers at the RIKEN Center for 

Developmental Biology have found that 

almost any mature adult cell taken 

from mice can be transformed into a Having been made fluorescent, stem 
x => cells produced using the new method 

pluripotent stem cell. These are of completely populate a mouse foetus, 

confirming their existence 
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Haruko Obokata has ANALYSIS 
pioneered a cheap, 7 
quick method of Prof Chris 
producing pluripotent M ason 


potentially great use in medicine 
since they can transform into any 
kind of cell in the body. 

The process, dubbed stimulus-triggered 
acquisition of pluripotency (STAP), involves 
shocking cells with a suitable dose of stress. 
Though the exact mechanism is not yet 
understood, the stress causes the cells to 
lose their specific characteristics and enter 
a state of pluripotency. The scientists tried 
squeezing the cells, heating them and 
starving them, but had the best results when 
soaking them in a mildly acidic solution. “It’s 
exciting to think about the new possibilities 
these findings open up, not only in areas like 
regenerative medicine, but perhaps in the 
study of cellular ageing and cancer as well,” 
explained lead researcher Haruko Obokata. 

Pluripotent stem cells have already been 
created using several different methods. One 
type, called Embryonic stem cells (ESCs), 
can be harvested from embryos that have 
been fertilised in vitro in a lab. However, this 
has proved controversial as it involves the 


destruction of human embryos. Another type, 


induced Pluripotent Stem cells (iPS), were 
produced in 2006 by a team from Japan led 


a TIMELINE 


by Shinya Yamanaka. They were produced 
from adult cells by manipulating genetic 
material. The team was later awarded the 
Nobel Prize. However, the new technique 
has the advantage of being much simpler, 
taking only half an hour to produce the cells. 

To confirm that the cells created through 
the stressing process were pluripotent, and 
so able to transform into other cells in the 
body, the researchers tagged some of them 
with a fluorescent dye and injected them into 
a mouse embryo. These glowing cells spread 
through the animal as it grew, proving that 
they were pluripotent. The mice were then 
bred and produced healthy offspring. 

The next step is to attempt the process in 
other mammals and ultimately humans. If 
successful, doctors will be able to create stem 
cells specific to each patient from a simple 
skin biopsy or blood sample. Eventually, 
stem cells could be used for everything from 
treating spinal cord injuries and baldness 
to growing skin for use in skin grafts, or 
even growing entire replacement organs. 

“For me the most interesting questions will 
be those that gain us a deeper understanding 
of the principles,” said Obokata. 


Stem cell research has advanced rapidly in just a century 


a- stem cells 
s 


Chair of Regenerative Medicine 
Bioprocessing, UCL 


al Obakata’s approach in the 
mouse is the most simple, 
lowest cost and quickest method 
to generate pluripotent cells from 
mature cells. If it works in humans, 
this could be the game-changer 
that ultimately makes a wide range 
of cell therapies available using a 
patient's own cells as starting 
material - the age of personalized 
medicine would have finally arrived. 
For potential medical use, 
stimulus-triggered acquisition 
of pluripotency, or STAP, cells 
will not immediately replace the 
human-induced Pluripotent Stem, 
or iPS, cells discovered in 2007, 
just as iPS cells have not replaced 
human embryonic stem cells 
discovered in 1998. Every 
breakthrough has to catch up with 
the years of accumulated scientific 
and clinical knowledge that the 
earlier discovery has generated. 
However, this knowledge poo! 
accelerates the development 
of later discoveries, enabling 
game-changing technologies 
to progress faster to the clinic. 
For example, it took human 
embryonic stem cells 12 years 
before their first use in people, 
but only six years for human 
iPS cells. Given the substantial 
overlap between all three 
technologies, it is likely that this 
will shorten the development 
time for STAP cells. However, 
it will still be many years before 
the new technology could 


potentially be used in 
everyday clinical practice. 


S WHAT DO YOU THINK? 


Does this new technique mean we'll soon 
have regenerative medicine? Share your 
thoughts at facebook.com/sciencefocus 
or email reply@sciencefocus.com 


PHOTO: GETTY, SCIENCE PHOTO LIBRARY 
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Russian biologist Gregor Prindull and A team led by James Researchers at Kingston Kazutoshi Takahashi and Will Shu’s team in 
Alexander Maximow coins | colleagues discover Thomson at the University | University and the Shinya Yamanaka of Kyoto | Heriot-Watt University 
the term ‘stem cell’, hematopoietic stem cells, | of Wisconsin-Madison University of Illinois University, as well as develop a 3D printer 
predicting the existence of | which can differentiate collect pluripotent stem discover pluripotent stem researchers from James capable of making 
cells that can differentiate | into all kinds of blood cells | cells, which can change cells (pictured) in umbilical Thomson's lab, transform | pluripotent stem cells. 
into any other specialized | inthe body, inthe blood | intoall kinds of cells, from | cord blood. human muscle cells into 


cell in the body. of the umbilical cord. ahuman embryo, pluripotent stem cells, 
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Graphene chips 


now areality 


SUPERFAST WI-FI MAY soon 
be on its way to all our homes, 
now that researchers at IBM 
have managed to create the 
first fully functioning radio 
transmitter chip to be built 
using the so-called ‘miracle 
material’ graphene. 

As it has outstanding 
electrical, optical, mechanical 
and thermal properties, 
graphene is less expensive and 
more energy efficient than the 
silicon that is currently used in 
the construction of computer 
chips. Furthermore, chips 
made from the material could 
potentially allow mobile 
devices such as smartphones 
or tablets to transmit data at 
much higher speeds. 

However, as graphene 
consists of just a single layer of 
carbon atoms bonded together 


For scientists in Chicago, pinning tails on 
donkeys was no longer challenging enough 
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in a honeycomb structure, 

the material is also extremely 
fragile. To get around this 
problem, the team reversed the 
usual manufacturing process 
and placed the metal elements 
on the chip before adding the 
graphene. The resulting 
transmitter proved to be 
10,000 times faster than 
previous attempts to build a 
graphene chip had managed 
to produce. 

“This is the first time that 
someone has shown graphene 
devices and circuits to [be 
capable of performing] modern 
wireless communication 
functions comparable to 
silicon technology,” said 
Supratik Guha, Director of 
Physical Sciences at IBM’s 
Thomas J Watson Research 
Center in New York. 


WHAT?! 


Chickens given fake 
dinosaur tails 


What did they do? 
Researchers from the University 
of Chicago attached ‘dinosaur 
tails’ made from wooden sticks 


Materials science 


Cuttlefish 
camouflage copied 


The cuttlefish’s extraordinary 
skin could inspire colour- 
changing cosmetics and maybe 
even living room wallpaper 


WHEN IT COMES to hide and 
seek, the cuttlefish has 
everyone beat. The marine 
mollusc can change the colour, 
pattern and texture of its skin 
to blend in with almost any 
environment, making it all but 
invisible to predators. Now a 
team of researchers at Harvard 
University has moved a step 
closer to unlocking the secrets 
of this master of disguise, and 
potentially creating better 
camouflage for the military. 


and modelling clay to the behinds 
of newborn birds using Velcro 
fasteners. The tails were replaced 
every five days as the chickens 
grew. This ensured they remained 
at 15 per cent of the chicken’s 
weight, the approximate tail/body 
mass proportions of the T. rex. 


Why did they do that? 
Despite having studied fossils 


The cuttlefish’s skin is 
loaded with neurally 
controlled, pigmented organs 
called chromatophores that 
allow it to change its 
appearance in response to 
visual cues. These were 
previously thought to be 
simple colour filters but the 
team has discovered there is 
much more going on. 

In addition to these 
chromatophores, cuttlefish 
skin has two further layers of 


for decades, scientists are still 
uncertain as to exactly how 
two-legged dinosaurs such as 
the T. rex walked. 


What did they find out? 
The tail-wearing chickens 
developed legs with more 
vertically oriented thighbones 
and more horizontally oriented 
shinbones than normal. 
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The cuttlefish’s colour-changing skin is 
composed of multiple layers 


tiny optical components that 
help it disguise itself: light 
scatterers named leucophores 
and light reflectors named 
iridophores. This layering 
enables the skin of the animal 
to selectively absorb or reflect 
light of different colours, and 
so alter its appearance. 
“Nature solved the riddle of 
adaptive camouflage a long 
time ago. Now the challenge 
is to reverse-engineer this 
system in a cost-efficient, 


Carol Vorderman 


TV personality and 
former Countdown 
number cruncher 


What has she done? 
She gave a microbiologist 
named Zachary Copfer a 
sample of sweat swabbed 
from her armpit. 


synthetic system that is 
amenable to mass 
manufacturing,” said Kevin 
Kit Parker. “Throughout 
history, people have dreamed 
of having an ‘invisible suit’. 
Now it’s up to us to replicate 
nature’s genius.” 

As well as being used in 
military camouflage, the team 
says the findings could also 
have applications in materials 
for paints, cosmetics or even 
consumer electronics. 


Eurgh. And why did he want 
that, exactly? 
So he could put it into a petri 
dish and grow a bacterial 
portrait of her face [pictured], 
of course. Copfer calls his 
pictures ‘bacteriographs’. 


How does it work? 
Copfer keeps the exact 
process a secret but essentially 
it involves spreading bacteria 
onto a giant petri dish and 


1 MINUTE EXPERT 
The magnetosphere 


What, the guy from X-Men? 
Not quite. It’s the huge 
magnetic field generated 
by charged particles in the 
Earth’s molten core. 


What does it do? 

As well as producing the 
spectacular aurorae near the 
poles and providing animals 
such as migratory birds and 
sea turtles with a means of 
navigating, it also protects us 
from being bombarded with 
radiation from solar winds. 


Hurrah for that. Anything 
else | need to know? 

The field has weakened by 15 
per cent over the last 200 
years. Some scientists say this 
suggests that Earth’s poles are 
about to flip. 


What? So north will be south 
and south will be north? 
Kind of. Compasses would 
point south instead of north 
but it would be a bit silly to 
rename the hemispheres, 
wouldn’t it? 


I guess. Should | be worried? 
No. It’s happened many times 
in the past and there’s no 
evidence in the fossil record of 
a switch causing any species to 
go extinct. In any case, the 
poles typically take several 
thousand years to flip. 


then beaming radiation 
through a negative image to 
stimulate bacterial growth 
in particular areas. 


Why did he want to create a 
bacterial Vorderman? 
The Vorderman picture is one 
of a series that was created for 
the Big Bang Fair, a national 
event that aims to inspire 
youngsters to get involved in 
science and engineering. 


APRIL 2014 / FOCUS / 25 


AYOLVHOSVT TWOIDO10IE SNINVN/YSDHLVW VIGAT ‘YOI1S/SNOIMLVYD NVINE ‘WEI/NVH NAI-HS ‘OLOHd 


PHOTO: THE OHIO STATE UNIVERSITY 


50x 


Ant’s neck is 
built to last 
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® PATENTLY OBVIOUS wih sames toy 


Inventions and discoveries that will change the world 


Bad mood? Let Apple brighten your day 


HOW ARE YOU feeling today? Happy as Larry or sad as a soggy sock? 
lf a new patent application from Apple is anything to go by, you may 
soon be viewing web content that’s directly tailored to your mood. 

The patent describes a number of ways in which the system could 
determine your frame of mind. It might use sensors to measure your 
heart rate and blood pressure, or a camera to recognise your facial 
expressions. It could also use other cues such as the sound of your 
voice, your likes and comments on social media, and even the amount 
of pressure you apply to a touchscreen. 

Once it knows how you're feeling, the system will start sending you 
relevant content. The patent doesn't describe exactly what will be 
delivered, but we're hoping it'll involve pictures of frolicking kittens. 
That would certainly brighten up our Monday mornings... 


Patent number: US 20140025620 


PHOTO: NORTHERN ARIZONA UNIVERSITY X83, THINKSTOCK, AUSTRALIA NATIONAL UNIVERSITY ILLUSTRATOR: ADAM HOWLING 


Crystal ball commerce 


JUST LIKE GREAT-aunt Mabel, 
Amazon may soon start sending 
you presents you haven't even 
asked for. A recent patent reveals 
how the shopping giant is looking 
at ‘anticipatory shipping’ as a way 
to speed up delivery times. This 
will analyse your online activity to 
predict what you'll buy next, and 
then ship the packages to a 
nearby warehouse. Items won't 
arrive at your house unannounced 
- they'll simply be waiting close by 
in case you decide you really do 
need that Breaking Bad box set. 
Patent number: US 8,615,473 


The eyes have it 


WE'VE HAD 3D printed guns and 
dresses. Now add artificial 
eyeballs to the list. Thanks to a 
patent filed by Manchester 
Metropolitan University, patients 
will soon have access to cheap, 
3D-printed peepers. A picture- 
perfect image of the patient's iris 
is printed on the copy using a 
reference photograph of their 
own eye. By creating the eyes in 
batches rather than hand-painting 
each one, 150 eyes can be made 
each hour, reducing their cost 
from up to £3,000 to just £100. 
Patent number: GB2504665 


Zoology 


Salamander’s huge hop 


WHEN IT COMES to animals 
famed for their jumping 
prowess, salamanders come 
pretty far down the list. 

But that may soon be set to 
change as researchers have 
observed the tiny amphibians 
performing a feat that even 
the highest hopping frogs or 
kangaroos would envy. 

The movement, dubbed 
the ‘hip-twist jump’, was 
discovered by Northern 
Arizona University researcher 
Anthony Hessel and allows 
the Allegheny Mountain dusky 
salamander to cover distances 
of up to 10 times its body 
length in a single hop. 

It has impressed engineers 
due to its high mechanical 
efficiency. “This particular 
jump is unique in the world,” 


The salamander prepares to jump by 
forming a ‘C’ shape 


The Allegheny Mountain dusky 
salamander has a newly discovered 
way of getting off the ground 


explains Hessel. “It’s a new way 
to get vertical lift for animals. 
Something that is flat on the 
ground, that is not pushing 
directly down on the ground, 
can still get up in the air.” 

The key is that the 
salamander’s legs don’t provide 
the push that launches them 
into the air, as is the case with 
most other animals. Instead, 
they bend their long, slender 
bodies into a ‘C’ shape and 
then rapidly push that bend 
through their torsos, creating a 
sudden burst of elastic energy. 
“They transfer energy from 
their torso into the ground ina 
very special way,” Hessel says. 

The discovery has also 
impressed prosthetics makers, 
who may emulate the motion 
in an artificial foot. 


Transferring the shape along its body creates 
elastic energy and the salamander jumps 
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Discoveries 


Biology 


Sniffing out fatty foods 


that we use our sense of smell 
to detect the amount of fat 
zn in food. 

The researchers put the 
ability down to the fact that 
it would’ve been evolutionarily 
advantageous for our ancestors 

to be able to detect sources 
of fat in food, because it is 
the most calorically dense 
nutrient. “The human 
sense of smell is far better 
at guiding us through our 
lives than we give it credit 
for,” said senior author 
Johan Lundstrém. “That 
we have the ability to detect 
and discriminate minute 
differences in the fat content of 
food suggests that this ability 
must have had considerable 
evolutionary importance.” 

It is hoped that the research 
will lead to new methods of 
using odour to make low-fat 
foods tastier. 


We have a surprising ability to be able to 
smell the fat in foods like butter 


WANT TO LOSE a few 
pounds? Well, rather than 
counting calories you may be 
better off using your nose. 
Scientists at the Monell 
Chemical Senses Center, 
Philadelphia, have discovered 


Astrophysics 


Oldest star spotted 


It may not look liké much, but 
this is SM0313, the*oldest 
star known to mankind, 


IT’S SOMETHING OF an 
understatement to say that 

a lot of stars have been made 
since the Big Bang. But 
researchers at the Australian 
National University have 
found the proverbial needle 

in a haystack by tracking down 
the oldest ever seen. 

The star, dubbed SM0313, is 
13.6 billion years old, meaning 
it formed just 200 million 
years after the Big Bang. It was 
spotted among the 60 million 
stars photographed by the 


university’s SkyMapper 
telescope in New South 
Wales. It is around 6,000 
light-years from Earth, well 
within the Milky Way. 
Ancient stars have small 
amounts of iron, a quality that 
helped the scientists spot it. 
“Finding such needles ina 
haystack is possible thanks 
to the ANU SkyMapper 
telescope, which is unique in 
its ability to find stars with 
low iron from their colour,” 
says ANU’s Mike Bessell. 


CLICK HERE wis ty ates 


New websites, blogs and podcasts 


DISK DETECTIVE 
www.diskdetective.org 
Astronomers are searching 
high and low in our Galaxy 
for stars that could be hosting 
planet-forming discs, like the 
one our own Solar System 
formed from over four billion 
years ago. But they need your 
help. So watch these short 
clips taken from NASA’s WISE mission and get classifying. 


Uslauciekomesieiiey WORLD OF STATISTICS 
ss yww.worldofstatistics.org/ 
category/a-world-without-statistics 
Ever wondered how your 

life would really be affected 

if statistics weren’t around? 
Well, for starters, we wouldn’t 
be able to tell who had won an 
election, and you couldn’t take 
the lift instead of the stairs to 
the office in the morning. To find out why, read this blog that uses 
cartoons to explain why statistics matter. 


=| WEATHER SPARK 
http://weatherspark.com 
Weather nerds, this site is 

for you. The amount of detail 
might seem overwhelming at 
first, but dig in and there’s a 
wealth of data to be had. Not 
only can you get an hour by 
hour account of conditions at 
any of 4,000 weather stations, 
but you can search through the whole history of each one - 
showing average temperatures and more right back to 1973. 


= VACCINE-PREVENTABLE 
OUTBREAKS 
www.cfr.org/interactives/ 
GH_Vaccine_Map/#/intro 

It’s clear that not vaccinating 
against preventable diseases 
is a bad idea. But this site 
really proves the point. The 
interactive map shows 
disease outbreaks across 
the world that should be 
preventable by vaccination, 
as told by news reports 

(so take it as a rough guide 
only). This is grim, but 
necessary, stuff. 
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science journalist 
who tweets from 
@kahoakes 
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Environment 


China’s pollution goes global 


A COMMONLY QUOTED 
idea of chaos theory is that 

a butterfly flapping its wings 
in China can trigger a 
hurricane in the US. Now, 

it seems it is not colourful 
insects but pollution in 
China that is affecting global 
weather patterns. 

Using climate models and 
data collected over 30 years 
about aerosols, fine particles of 
liquid suspended in a gas, 
researchers at Texas A&M 
University found air pollution 
over Asia is impacting global air 
circulations. Much of it is 
coming from China. 

“The models clearly show 
that pollution originating 
from Asia has an impact on 
the upper atmosphere and 
it appears to make storms 
or cyclones even stronger,” 
Professor Renyi Zhang 
explains. “This pollution 
affects cloud formation, 
precipitation, storm intensity 
and other factors, and 
eventually impacts climate. 
Most likely, pollution 


from Asia can have important 
consequences on the weather 
pattern over North America.” 
The boom in China’s economy 
during the last 30 years has led 
to the building of countless 
factories and power plants that 
pump out huge amounts of 
pollutants into the atmosphere. 
Levels of air pollution in some 
cities, such as Beijing, are often 
more than 100 times higher 
than acceptable 
limits set by the 
World Health 
Organization’s 
standards. 


CHINA 
8.2 billion 
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UK 
0.4 billion 


Total CO, emissions in metric tonnes 
Data for 2010 from the World Bank 


Biochemistry 


In cod blood 


AS WELL AS tasting 
particularly delicious when 
deep-fried in batter, cod have 
another impressive talent: 
they are able to survive in the 
Arctic’s icy waters without 
freezing solid. Now, scientists 
have used this ability as a 
starting point to create a 
new way to freeze the packs 
of human blood used in 
medical emergencies. 
Researchers at the 
University of Warwick 
have found that adding tiny 
amounts of polyvinyl alcohol, 
a derivative of wood glue, to 


stored human blood mimics 
antifreeze properties found in 
the blood of cold-acclimatised 
fish. It works by inhibiting the 
growth of ice crystals during 
thawing that would otherwise 
damage the blood cells. 

“Although we need to run 
further tests, this new method 
looks very promising in terms 
of vastly extending the shelf 
life of blood stored for medical 
procedures and therefore 
preventing dangerous dips in 
blood availability at certain 
times of the year,” said Dr 
Matthew Gibson. 


Not just tomorrow’s fish and chip wrapping: 
the news about cod is good for blood banks 


Egyptology 


Pharaoh’s tomb discovered 


The remains of Woseribre Senebkay, whose 
tomb was discovered last January 


ARCHAEOLOGISTS HAVE 
unearthed the 3,600-year-old 
tomb of a previously unknown 
pharaoh and the first material 
proof of a forgotten dynasty. 
The tomb was discovered in 
January near a 60-tonne royal 
chamber found in South 
Abydos, 482km (300 miles) 


south of Cairo, by a team led by 
the University of Pennsylvania’s 
Dr Josef Wegner. 

It had been plundered by 
ancient looters, who had torn 
apart the mummified remains 
and stripped many of the 
gilded surfaces. Nevertheless, 
archaeologists were able to 
recover the bones and determine 
they belonged to Woseribre 
Senebkay, a pharaoh who ruled 
in the 17th Century BC. Further 
analysis indicates he was 
around 5ft 10 inches (1m 77cm), 
and died in his mid-to-late 40s. 

“Tt’s exciting to find not just 
the tomb of one previously 
unknown pharaoh, but the 
necropolis of an entire forgotten 
dynasty,” said Dr Wegner. “Work 
in the royal tombs of the Abydos 
Dynasty promises to shed new 
light on the political history 
and society of an important but 
poorly understood era.” 
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© HOT TOPIC 


Wildlife conservation 


Was a Danish 
zoo right to killa 
male giraffe? 


COPENHAGEN ZOO HAS sparked an 
international controversy after killing Marius, 
an otherwise perfectly healthy 18-month-old 
giraffe, because its genes were deemed too close 
to those of seven other animals kept in the same 
enclosure. Vets shot the giraffe before dissecting 
the carcass in front of a crowd of onlookers and 
feeding it to the zoo’s lions. 

“Copenhagen Zoo’s giraffes are part of an 
international breeding programme, which aims 
to ensure a healthy giraffe population in 
European zoos,” said scientific director Bengt 
Holst, defending the zoo’s actions. “This is done 
by constantly ensuring that only unrelated 
giraffes breed, so that inbreeding is avoided. 

If an animal’s genes are well represented in a 
population, then any further breeding with that 
particular animal is unwanted.” 

Holst added that giving the animal 
contraceptives and allowing it to live on, as some 
critics suggested, would have caused a number 
of unwanted side effects in its internal organs 
and reduced its quality of life. 

However, Yorkshire Wildlife Park had offered 
to home the giraffe, but the offer was refused. 
Copenhagen Zoo said it could not be passed on 
to another institution due to rules set down by 
the European Association of Zoos and Aquaria 
(EAZA) that prohibit the selling of animals. 


EAZA itself backed the zoo. In a statement it 
said: “EAZA fully supports the decision to 
humanely put the animal down. Our aim is to 
safeguard for future generations a genetically 
diverse, healthy population of animals against 
their extinction.” 

The animal rights charity PETA (People for the 
Ethical Treatment of Animals) condemned the 
decision and questioned the need for breeding in 
zoos. “Breeding programmes serve no true 
conservation purpose because giraffes and other 
animals born in zoos are rarely, if ever, returned 
to their natural habitats. They give the public a 
false sense that something meaningful has 
happened,” said PETA’s Dan Howe. “The death 
of Marius should be a wake-up call for anyone 
who still harbours the illusion that zoos serve 
any purpose beyond incarcerating intelligent 
animals for profit,” he added. 


WHAT DO YOU THINK? 

Let us know your opinions on this topic 

on Twitter and Facebook, and by joining 

the debate at sciencefocus.com/forum 

We asked: Was Copenhagen Zoo right 
to kill Marius the giraffe? 


@MelissaSterry This and other acts 

vy highlight the urgent need for the animal 
equivalent of the Nuremberg Code/ 
Declaration of Helsinki. 


virtualandrew If the zoo is part 

of a programme that ensures only 
unrelated giraffes are allowed to breed 
to avoid inbreeding, then why was 


Marius born in the first place? 


Kevin Walsh | get that they wanted to 

Fi prevent inbreeding but could they not 
have given him to another zoo or even 
castrated him so he could not breed? 
Seems such a waste. 


—— ee, 


Tattoos reveal personality 


© Though traditionally the 
preserve of sailors and tough 
guys, tattoos are now sported by 
everyone from binmen to bank 
managers. But a study has found 
they may still be a useful way to 
spot mavericks and risk takers. 
Researchers questioned students 
at Midwestern University and 
discovered that students with 
tattoos were significantly more 
likely to use alcohol and 
marijuana and engage in risky 
sexual behavior. 


The beauty of maths 


© It's official: maths is beautiful. 
UK researchers asked 15 
mathematicians to rate equations 
ona scale from -5 (ugly) to +5 
(beautiful) and then have their 
brains scanned as they viewed 
the formulae. The more beautiful 
the equation (as rated by the 
mathematicians), the greater 

the activity in their medial 
orbitofrontal cortex. This is the 
region of the brain that ‘lights up’ 
when we listen to a symphony or 
ponder an artistic masterpiece. 


Whales from space 


© Anew way to count whales 
from space could revolutionise 
the way populations of these 
mammals are monitored and 
tracked. Using high-resolution 
imagery from the WorldView-2 
satellite, a trial study detected 
southern right whales off the 
coast of Argentina with 90 per 
cent accuracy. It's hoped that the 
technique will provide a safer, 
more flexible and cheaper 
alternative to counting whales 
from ships and planes. 


Whales can be tracked using satellites, anew 
study carried out in Argentina has shown 
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ROBERT MATTHEWS 


HESE DAYS | rarely go to scientific 

conferences; too many turn out to 

be ‘Death by PowerPoint’. But if | 

see the name of Sir lain Chalmers 

on the speaker list, | know I'm likely 
to be enlightened, entertained - and probably 
outraged too. 

Sir lain is one of the heroes of modern 
medicine. For decades he has been battling 
to give doctors and patients access to 
the best-possible evidence about medical 
treatments. So when | heard he was 
speaking at a conference on progress to 
date, | made sure | got a front-row seat. 

| was not disappointed. No sooner had Sir 
lain taken the podium than he was showing 
slides revealing a huge scientific scandal - 
one that is putting countless people in harm's 
way. And anyone thinking of volunteering for 
aCclinical study needs to know about it. 

On the face of it, the problem seems 
pretty innocuous. According to Sir lain, 
medical researchers planning a clinical trial 
of a medical therapy rarely bother to check 
what's already known before starting their 
own trial. Carrying out ‘me too’ studies of 
therapies is obviously a waste of research 
time, effort and money. But during his talk, 
Sir lain highlighted the much darker side to 
the issue. Many of these ‘me too’ studies 
were performed long after the treatment 
had been shown to be effective. 

This might not seem so shocking. After all, 
isn't science all about trying to test 
claims by experiment? Indeed it is, 
but here's the thing. The studies 
done after effectiveness had been 
demonstrated were typically far 
too small to make any difference 
to the conclusion. They were, to 
be blunt, pointless - except as a 
means of generating publications 
to add to the researchers’ CVs. 

But that’s not the worst of it. 

The real scandal is that all these 
pointless trials involved patients who thought they were helping push 
back the frontiers of knowledge - but instead ended up being given 
comparison therapies or even useless placebos that were already 
known to be less effective than the treatment under test. 

This is not some small-scale practice. Every year thousands of people 
volunteer to help medical researchers test new treatments. As Sir lain 
was talking, | quickly totted up the numbers of patients affected by the 
unnecessary trials on his slides. | stopped counting at 5,000. No-one 


If you participate in a 
medical trial, there’s a 
chance the study is 


reese unnecessary 


knows how many more redundant trials are still being carried out. What 
is certain, however, is that some involve very ill patients who may thus 
have paid with their lives by being given provably useless treatments. 

So what can be done? Sir lain expressed his frustration at the abject 
failure of the research community to address the issue. He was not 
alone: Prof Paul Glasziou, a leading expert in medical evidence at Bond 
University, Australia, is working with Sir lain to get action on the scandal. 

Inthe meantime, they recommend that anyone asked to participate in 
a clinical study should check it has been officially registered, and insist 
on seeing a systematic review to confirm it’s actually necessary. They've 
even set up a website - www.testingtreatments.org - to help people 
avoid becoming just a pawn in the great research game of cranking 
academic papers out, and getting more grant money in. 

It was depressing to hear how medical research is turning from a 
calling into a career. But | left 
the conference happy in the 
knowledge there are still feisty 
types like Sir lain determined 
to stop the rot. 


ROBERT MATTHEWS is Visiting 
Reader in Science at Aston 
University, Birmingham 
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EVERYDAY SCIENCE 


HELEN CZERSKI 


Simply visit your local swimming pool to explore a strange, acoustic world 


OWN HERE | feel cocooned. It’s warm 
and | can glide along silently, immersed 
in a quiet deep hum and a mid-pitch 
soft burbling. The peace only lasts for 
a few seconds after pushing off, and 
then | break the surface just as my right arm takes 
the first stroke. As | turn my head to breathe, my 
right ear arrives back into a loud shrill world full 
of whistles and shouting and the clanking of a 
diving board. If that’s all too jarring, | can duck 
back down again into the calm. | love swimming 
for all sorts of reasons, but one of the most 
therapeutic ones is this temporary escape into 
a different acoustic world. 

The thing about swimming pools and oceans 
and rivers is that their surface is a double-sided 
acoustic mirror, separating what's above and 
below almost perfectly. Sound from the air 
bounces right off and back up into the air. Sound 
in the water bounces the other way off the 
surface and goes back down. Oceanographer 
Jacques Cousteau called the oceans ‘The Silent 
World’, but he clearly wasn't paying attention. 
There's loads of sound down there. It just doesn't 
find its way out. All it takes to explore this world 
is to put your head underwater. There is a minor 
problem: our ears only work in air. Our eardrum 
can't vibrate when one side of it is pushed up 
against heavy water. But we've got an anatomical 
quirk to help us out. | can hear the jolly burbling of 
the bubbles because the sound is getting to my 
inner ear directly via my skull, and not through 
my ears at all. 

You can test this - if 
you put your fingers in 
your ears underwater, 


“Isn't it fantastic that 


youl still _ ae e hear just by moving your 
just as well as before. 

Sound is travelling into head up or down a 
youfrom the water, and [little bit in water, you 
it's reaching the sensitive 

bits of your ear through can be part of two 
the bone of your skull. H 5 
It's not quite as good as different worlds - 


‘normal’ hearing - that's 

why we can't hear very well - but it’s not bad considering we're land 
mammals. And the sounds themselves are different. Sound travels very 
well underwater, so you can hear quiet noises even from quite a long way 
away. | can hear the clinking of the lane rope anchors, and lots of bubbles 
being formed as people jump in and out. The deep, quiet hum is probably 
coming from a nearby pump or the road outside, as vibrations travel 
through the foundations and into the pool. There aren't that many different 
sources of sound in a swimming pool. But out in the ocean, it’s different. 


Next time you are in the water, hold your breath, put your head 
underwater and imagine that you are an ocean creature and this is 
your acoustic world. Another way to help your imagination along is 
to listen to a stethoscope pushed up against a fish tank. My favourite 
noise comes from the oxygen bubbler, of course - a bubble physicist 
has to love the sound of bubbles! But if you tap on the glass or pour 
in more water, it sounds different to the way those things sound in 
air. And out in the open ocean, there are calling whales, snapping 
shrimp, breaking waves and more. The open ocean is a whole other 
world of sound. 

Isn't it fantastic that just by moving your head up or down by a little 
bit, you can be part of two completely different worlds? Climbing out 
of the pool or the ocean really does feel like going back through the 
Looking Glass. And even as you 
walk away being assaulted by noise 
on the surface, you can look back 
down into the water and know 
that a whole different world is still 
accessible... just down there. ™ 
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STEPHEN BAXTER 


HE OSCAR AWARDS ceremony took place 

on 2 March. At the time of writing, | don't 

yet know if there was any recognition for 

what was surely one of the most beautiful 

cinematic visions of 2013: the eponymous 
wheel-in-space habitat of the movie Elysium. Beautiful 
maybe, but some space visionaries have protested at 
the darkness of the movie's storyline. 

The Elysium station was based on the Stanford 
Torus space habitat study produced by NASA Ames 
and Stanford University in 1976. But the Stanford 
designers imagined a democratic township in space, 
whose colonists would farm, manufacture and collect 
solar power for the Earth, thus providing clean energy 
and solving the environmental crisis. After that, 
such habitats would provide a springboard for the 
permanent human colonisation of space. By contrast, 
Elysium in the movie was no utopia but an orbital 
fortress feeding off the labour of an enslaved Earth, 
an emblem of corporate power and social division. 
Space station designs, however, have always had a 
darker undertone. 

While thinkers like Konstantin Tsiolkovsky and John 
Desmond Bernal developed space colony concepts in 
the early 20th Century, the first detailed engineering 
concept was published in 1928 by an Austrian 
engineer and reserve soldier called Herman Potosnik. 
Space stations which, like Elysium, spin to provide 
artificial gravity naturally have curved geometries: 
they are Elysium-like wheels, or cylinders, or spheres. 
Potoénik's station was a wheel 50m across, powered 
by sunlight collected by mirrors. Its purposes were 
scientific, but also military: the astronauts would have 
carried out surveillance, and 
perhaps even used space 
mirrors as weapons of war. 

Potoénik’s studies 
were revisited after World 
War Il by, among others, 
the venerable British 
Interplanetary Society. These 
ideas fed into the fiction of 
BIS member Arthur C Clarke, 
among others. 

The most famous post-war 
wheel-in-space design was by Wernher von Braun, who had once designed 
the V2 for Nazi Germany, and would go on to build Apollo for the US. In 
1952, in a popular magazine called Collier's, von Braun published a detailed 
prospectus for a US space programme including space station designs. 
Thanks to this work the space wheel design became iconic, appearing in 
franchises as diverse as 2007, Doctor Who and Star Trek: Deep Space 9. 
But like Potoénik, von Braun suggested military uses for his station as a 
surveillance post and weapons platform: ‘No place on Earth would be safe 


An orbital paradise as 
depicted in the film Elysium 
is still a distant dream 


from such a weapon... [This] would offer the station’s builders the most 
important tactical and strategic advantage in military history.’ 

In the 1970s and 80s the first real-world space stations were sent into 
orbit. Skylab, the Salyuts, Mir and finally the International Space Station 
were collections of modules, cramped and with no gravity, but they did 
enable us to learn to live for long periods in space. Since then a cash- 
strapped NASA has drawn back from the human exploration of space. 

The private sector might fill the gap, but the passengers on the first ships 
launched by the likes of Virgin and Space-X are going to be wealthy tourists, 
not utopian pioneers; they might prompt the building of Elysium-like orbital 
hotels, rather than colonies with factories and farms. On the other hand we 
have avoided the nightmare of a von Braun battle station - although some 
military experiments were run, for example on the Soviet Salyuts. 

And space is still waiting, full of 
resources from asteroids and solar 
energy, as Tsiolkovsky and Bernal 
saw the best part of a century ago. 
Maybe those old dreams of islands 
in space will yet be fulfilled. 


STEPHEN BAXTER is a science 
fiction writer and author of the 
Northland series. His latest novel 
is Proxima published by Gollancz 
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What if you coyld wipe out a hurtful moment from your 
past, implanta completely new experience, or remember 
everything for an exam with ease? Dr Nicola Davies looks | 
at how science will soon be able to shape your memories 
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NEUROSCIENCE 


VER WISHED 
you had a better 
memory so you 
were able to recall 
names, dates and 
faces more easily, 
or even get better 
grades in exams? How about 
removing all recollection 
of a failed relationship like 
the characters in Michel 
Gondry’s Academy award- 
winning movie Eternal 
Sunshine Of The Spotless 
Mind? Or virtually travelling 
the Solar System via false 
memories implanted 
directly in your mind like 
Arnold Schwarzenegger’s 
Douglas Quaid in the sci-fi 
classic Total Recall? 

Well, therapies like these 
may be coming sooner than 
you think as scientists have 
been making great strides 
in how to delete, improve 
and even create memories. 

“Memory is a very 
important aspect of 
cognition,” says Dr David 
Vauzour, a senior research 
fellow at the University 
of East Anglia. “It refers 
to what you can remember 
along with the capacity 
for remembering. Some 
memories are retained 
for a short period of time 
and then discarded, but 
the most important ones 
are stored in the brain and 
can be retrieved at will. 
This process of learning 
new information, storage 
and recall involves a 
complex interplay of 
brain functions.” 

It is this incredibly 
complex network of 
nerves and chemical 
processes that must 
first be unravelled to help 
shed light on how the 
human brain stores 
and recalls memories, 
before we are eventually 
able to figure out how 
to manipulate them. 
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Would you want to erase someone from your memory like the characters in Eternal 
Sunshine Of The Spotless Mind? 


“We think we’re able to target 
drug-associated memories, 
and hopefully traumatic 
memories in the future” 


Dr Courtney Miller of the Scripps Research Institute 
in San Diego, California 


Having his memory altered didn’t turn out well for Schwarzenegger in Total Recall 


DELETING 
MEMORY 


FOR MANY PEOPLE, deleting 
memories poses an ethical 
conundrum. Memories can 

of course be a source of great 
pleasure. They can, however, 
also be a source of great pain, 
as is the case for sufferers 

of conditions such as post- 
traumatic stress disorder 
(PTSD) or drug addiction. In 
this case, memory deletion 
may be the answer. People 
with PTSD constantly relive 
traumatic memories. Similarly, 
drug addicts connect certain 
habits with a previous 
sensation of being high, which 
stimulates their craving. By 
removing or subduing specific 
memories, traumatic emotions 
and harmful behaviours can 
be prevented. 


ZAPPING MEMORY 


So, how exactly can memories 
be deleted? “Researchers 
have used a three-stage 
model to describe how the 
brain learns and remembers, 
with impairment in any of 
these processes resulting in 
memory failure: acquisition, 
consolidation and retrieval,” 
says Vauzour. 

One study taking advantage 
of the consolidation process 
is a ‘within-subjects 
manipulation’ study 
conducted by Marijn Kroes 
and colleagues at Raboud 
University Nijmegen in the 
Netherlands. Memories are 
periodically rewritten in 
the mind, or reconsolidated, 
somewhat like defragmenting 
a hard drive. Electroconvulsive 
therapy (ECT), however, 
appears to prevent memories 
from being rewritten or 
alters them during the 
reconsolidation process. In the 
team’s 2013 study, published 
in Nature Neuroscience, 
participants undergoing ECT 
for depression were shown a 


troubling story in words and 
pictures. A week later they 
were reminded about it and 
given ECT. This completely 
wiped out their recall of the 
distressing narrative. 

Similar breakthroughs 
have also been found taking 
the chemical approach, as 
demonstrated in a 2013 study 
led by Dr Courtney Miller of 
the Scripps Research Institute 
in San Diego, California. 
Miller sought to help 


pet OS { 
Dr Courtney Miller is using the science 
of memory to help drug addicts 


methamphetamine addicts 
by targeting the removal of 
memories linked with drug use. 

“Neurones connect to each 
other through small structures 
known as dendritic spines; 
this is where memories are 
thought to be physically 
stored,” explains Dr Miller. 
“The structure of spines is 
maintained by a scaffolding 
made up of individual units 
of actin — a protein that 
facilitates memory formation 
by supporting the connections 
the neurones make when a 
memory is created. These 
units of actin combine to form 
long chains that can enlarge 
spines and store memories by 
stabilising specific connections 
between neurones. 

“With your run-of-the-mill 
memory,” she adds, “the 


$2: 


Memories are thought to be stored 

‘in dendritic spines - seen here as 

fine, hair-like structures bristling off 
dendrites, which in turn branch off the 
main cell body of a neurone } 
er ™* 


individual units of actin cycle 
very slowly — one comes off the 
top, another is added to the 
bottom. But with memories 
formed when taking 
methamphetamine, these units 
move very fast. So we took 
advantage of this and gave 
animals drugs (Latrunculin A) 
that gather up those actin units 
so they aren’t available to go 


Neurone 


Dendritic spine 


back on the long actin chains. 
With actin units still coming off 
the top, but no longer being 
added to the bottom, it seems 
the actin chains fall apart and 
we lose the structures storing 
the methamphetamine memory. 
“What makes this finding so 
exciting is that the inhibitors 
seem to be incredibly selective 
as to the memory type. We think 


NEUROSCIENCE 


we're able to selectively target 
drug-associated memories, and 
hopefully traumatic memories 
in the future, because the brain 
is using a different mechanism 
to store these memories.” 
More recent research, 
published in Cell in January 
2014, reveals that drugs 
known as histone 
deacetylase inhibitors >] 
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(HDACIs) can enhance 

the brain’s ability to 
permanently replace old 
traumatic memories with 
new memories. In the first 
phase of the preclinical study, 
led by Dr Li-Huei Tsai of the 
Massachusetts Institute of 
Technology (MIT), mice were 
exposed to a tone followed 
by an electrical shock. Once 
the mice learned to associate 
these two events, they began 
to freeze in fear upon hearing 
the tone, even when they 
did not receive a shock. The 
researchers then repeatedly 
presented the tone without the 
shock to test whether the mice 
could unlearn the association 
and stop freezing in response 
to the tone. This was 
successful for mice exposed 
to the tone-shock pairing one 
day earlier, but not for mice 
that formed the traumatic 
memory one month earlier. 
These mice were then given 
HDACIs before undergoing 
the ‘unlearning’ exercise. The 
mice then stopped freezing in 
response to the tone. 


0.UK 
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GENETIC MEMORY 


Delving deeper, researchers 
from MIT have discovered a 
gene essential for ‘memory 
extinction’, called TET. 
Published in Neuron in 2013, 
findings show how boosting the 
activity of TET1 might benefit 
people with post-traumatic 
stress disorder by making it 
easier to replace fearful 
memories with positive ones. 


PHOTO: GETTY, XU LIU/STEVE RAMIREZ/SUSUMU TONEGAWA/MIT ILLUSTRATION: CHRISSTOCKERDESIG 


The researchers had two to, 
sets of mice develop a fear of a ee oe i? 
cage by electrocuting them in S tae Sede R 
the cage. The mice were then RAE e - We, y 
put into a cage without being ; J 7 
electrocuted. Those with an ey 
inhibited TET1 gene no longer Ue 
feared the cage because the J . ; Dr Li-Huei Tsai of the 
f t Massachusetts Institute of 
ear memory was replaced 
si ; Technology has shown that 
with the new memory of not ' memory can be inhibited in 
being electrocuted. ‘ mice with the help of a drug 
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IMPLANTING MEMORY 


IN THE LEONARDO DiCaprio 
blockbuster Inception, 
professional criminals use an 
experimental military 
technology to implant ideas 
and memories into a victim’s 
mind while they sleep. The 
concept may seem about as 
far-fetched as a movie premise 
can be, but in reality, false 
memory implantations happen 
all the time — including when 


people are awake. What’s 
more they can have drastic 
consequences, especially in 
the case of court trials where 
juries place a disproportionate 
amount of credibility on 
eyewitness testimony. 

Every one of us is 
susceptible to false memories, 
even those with otherwise 
exceptional powers of recall. 
This was shown in a 2013 


“If we understand the patterns 
of activation associated with 
memory formation, we can 
create any kind of memory” 


Dr Wendy Suzuki of The Suzuki Laboratory for the Study of Learning, 
Memory and Cognition, New York 


HOW TO CREATE FEAR 


Scientists induced false memories in mice 


— 
LoS 


ty 


1. A mouse is first put in an environment (blue box) and the 
neurones responsible for memorizing the environment are 
labelled. These cells were made responsive to light. 


/ Ae 
4 y 5 


2. The mouse is put in a different environment (red box) and 
light is delivered to the brain to activate the previously labelled 
Cells, so it recalls the first box. Electric shocks are given. 


NEUROSCIENCE 


Aregion of a mouse hippocampus is lit up with the protein 
ChR2; the technique was used to implant a.memory:of fear 


study led by Lawrence Patihis 
of the University of California 
in Irvine. Patihis compared 
20 individuals with highly 
superior autobiographical 
memory - in other words 

the ability to remember 
personal experiences as well 
as more general facts and 
knowledge - with 38 ‘control’ 
individuals. Despite it being 


likely that the former group 
might be immune to memory 
distortions, the opposite 

was found. Over a two-week 
period, a series of exercises 
designed to test participants’ 
susceptibility to forming false 
memories were administered. 
In each case, false memories 


were apparent just as >) 


often in those with 


3. When the mouse is returned to the first environment, 
it shows signs of fear, showing it had formed a false fear 
of the first box, where it was never shocked. 
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“Physical health, emotional 
state, stress level and diet 
exert a big influence on how 
well you learn and remember” 


Dr David Vauzour, a senior research fellow at the University of East Anglia 


Dr Wendy Suzuki believes memory 
implanting is still in its early stages 


superior memory as in 
>) controls. For example, 
when presented with a word 
list that included ‘thread, ‘pin’, 
and ‘knitting’, both groups 
were likely to later ‘remember’ 
also having seen the word 
‘needle’ - which was never 
actually shown. 


FEAR FACTOR 


Recently, Nobel Prize winner 
Susumu Tonegawa was able to 
successfully implant fear 
memories in mice. Tonegawa 
and his team genetically 
engineered mice to express the 
protein Channelrhodopsin-2 
(ChR2) in neurones associated 
with memory formation and 
storage in the hippocampus. 
An interesting characteristic of 
this protein is that it reacts to, 
and becomes activated by, light. 
In the experiment, the mice 
were placed in a safe container 
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and the group of memory 
neurones, called an engram, 
created a memory of this 
container (see ‘How to create 
fear’, p47). The mice were 
then placed in a different 
container while light was 
shone on the memory 
neurones - thereby activating 
the memory of the first 
container. As this occurred, 
the mice were given a shock. 
When the mice were being 
placed into the original 
container, they froze in fear 
~ they associated the shock 
with the first container, even 
though it was administered 
in the second container. The 
researchers had managed to 
implant a fear memory. 

“They basically tricked 
the system into making 
these memories,” says Dr 
Wendy Suzuki of The Suzuki 
Laboratory for the Study 
of Learning, Memory and 
Cognition in New York. 

So, can we create any type 
of false memory? “At this point 
we only have access to specific 
kinds of memories to create, 
depending on the patterns of 
activation that we can mimic,” 
says Suzuki. “But in theory if 
we understand the patterns 
of activation associated with 
various kinds of memory 
formation, we can create 
any kind of memory. We are 
certainly in the early days with 
these experiments, but the 
potential is there.” 


IMPROVING MEMORY 


KIM PEEK, THE ‘megasavant’ 
who was the inspiration for the 
four-time Oscar winning film 
Rain Man, could remember 
almost everything he had ever 
read. He could also read both 
pages of a book simultaneously 
and retain the information. 
Given advances in memory 
research, could we all one 

day be like Kim Peek? That’s 
likely to be a long way off, but 
fortunately there are several 


The ‘megasavant’ Kim Peek was able 
to memorise everything he ever read 


a SS 


effective ways of improving 
your memory. 

“Physical health, emotional 
state, stress level and diet 
exert a big influence on 
how well you learn and 
remember,” explains Dr 
Vauzour. One study carried 
out by researchers from 
the University of Alabama 
at Birmingham, published 
in the Journal Of Neurology 
in 2013, suggests that 
following a Mediterranean 
diet based on fish, salads, 
and chicken, and rich in the 
fatty acid Omega-3 can 
improve cognition. Four 
years of data collected 
from 17,478 participants 
revealed that those who 
more strictly adhered to 
the Mediterranean diet 
performed better in 
memory tests. 

In another study, led by 
Yves Sauvé of the University 
of Alberta, it was shown 
that high levels of Omega-3 


Give your neurones a boost by eating high levels of Omega-3 - muscles are a good source 


in a person’s diet can help to 
improve the communication of 
the neurones used for memory. 
Evidence suggests that 

exercise is also key to a healthy 
memory. Research led by Dr 
Sandra Chapman of the 
University of Texas at Dallas 


in 2013, showed that aerobic 
exercise improves memory by 
helping maintain consistent 
and healthy blood flow to 
the hippocampus. 

There are some people, 
however, who baulk at the 
thought of putting on their 


Want to improve your memory? Exercise is better than black market pills 


running shoes and pounding 
the pavement, and would 
instead prefer to simply 
swallow a memory-improving 
tablet. This attitude has led 
some students wishing to 
stay alert and retain memory 
during exams to turn to so- 
called smart drugs. Modafinil, 
Ritalin and Adderall are 
frequently sold on the black 
market. But since these are 
prescription medications 
for conditions that most 
students do not suffer from, 
such as narcolepsy and 
ADHD, the long-term 
effects are unknown and 
potentially dangerous. 
Moreover, they may not 
even have the expected effect 
of improving memory. 
Although they can give the 
user the impression of a 
temporary memory boost, 
a placebo-controlled trial 


Yves Sauvé has shown 

that the fatty acid Omega-3 
improves the communication _ 
of neurones used for memory 


led by Irena Ilieva of the 
University of Pennsylvania 
showed no improvement in the 
performance of young adults 
taking Adderrall compared to 
those taking a placebo. So it 
would appear that there are 
no quick-and-easy shortcuts 
to improving memory. 


http://bbe.in/ocTSzh 


fetelo Dr Mark 
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fon investigates 


the science of erasing 
memories and asks whether 
realityis catching up with 
science fiction. 


DR NICOLA DAVIES is a health 
psychologist and writer. Follow 
her at twitter.com/healthpsychuk 
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WHAT IS MeM 


Your recollection of life’s events is stored in networks of billions of 
neurones in different areas of the brain 


THIS IS INVOLVED in consolidating memories, in particular spatial memory. It acts as 
a gateway between the memory-forming hippocampus and neocortex, which deals 
with sensory perception. In 1953, Henry Gustav Molaison lost his ability to store 
new memories after surgeon William Scoville removed a large part of the 
hippocampus in an effort to treat his epilepsy. Recently a micrometre-scale 
examination of the part of his brain that was surgically removed has confirmed that 
those parts are involved in memory. Findings published in Nature Communications 
in January 2014 by Jacopo Annese and colleagues at the University of California, 
San Diego, found residue of the posterior hippocampus that had survived the 
operation. However, because it was disconnected from the entorhinal cortex, both 
learning and memory had been affected. 


SYNAPSES SEND SIGNALS to dendritic spines, small membranous branches that 
protrude from the dendrites at a neurone’s end. It is in these spines that memories 
are thought to be stored. 

Simon Rumpel and Kaja Moczulska from the Institute of Molecular Pathology 
in Vienna used a technique called ‘in vivo two-photon imaging’ to look at the 
architecture of synapses - structures that allow neurones to communicate and 
send electrical signals to one another. They looked at how these synapses work 
during learning and memorising in mice and found that the learning process created 
new synaptic connections. 
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~cenearal cortex C7 


om MEMORIES ARE STORED in complex networks,,primarily in the 
cerebral cortex, the outermost layer of neurones in the brain. 
Long-term memory can be divided into two major categories: 
declarative and implicit memory. Declarative memory requires a 
conscious effort to recall, while implicit memory such as 
Procedural memory refers to skills and routines. 


THIS SEAHORSE-SHAPED part of the brain is crucial to both 
spatial awareness and memory. We have one on each side of 
the brain. “Long-term memories are likely formed by a variety 
of different mechanisms depending on the type of memory,” 
says Dr Michael Yassa of the University of California. “There is 
evidence supporting the notion that long-term memories for 
facts and events are stored initially using the hippocampus, 


* 


é ; but eventually most memories become stored as a distributed 
- AN YG () A [ A representation throughout the brain. The process is likely 
a some form of strengthening of communication among neurones.” 


WE HAVE TWO walnut-shaped amygdalae - clusters of 
neurones that deal with emotion and fear. In a 2013 study 
led by Haohong Li and Mario Penzo and published in 
Nature Neuroscience, the specific part of the central 
amygdalae that encodes fear memory has been 
pinpointed - it's called the lateral subdivision. 
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Want to broaden your horizons? Here’s a round-up of some 
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MANAGEMENT BY 
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UNIVERSITY OF BATH 


ELECTRICAL POWER 
SYSTEMS BY DISTANCE 
LEARNING 


Our part-time Electrical 


Power Systems by Distance Our part-time IEMA | 

Learning programme aims accredited Integrated 

to give you the specialist Environmental Management 

knowledge and skills to significantly enhance your career. by Distance Learning programme is designed around 

The programme is delivered through our online interactive virtual professionals looking to further their careers. Our programme 

earning environment by experienced and dedicated tutors, aims to develop in-depth understanding of environmental 

and complemented by two one-week long residential schools management and its application, specifically related to a 

consisting of lectures, seminars and workshops. We offer a corporate context. You will be taught by our experienced tutors 

range of award options including single Continuing Professional within our virtual learning environment, as well as attending 

Development units, Postgraduate Diploma and the MSc residential schools. We offer a range of award options including 

programme. Programmes begin in April and October. Continuing Professional Development units, Postgraduate 
Certificate, Postgraduate Diploma, and the MSc programme. 

Sm vsivensiry or Programmes begin in April and October. 


BATH 
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EMAIL fedgradschool@bath.ac.uk EMAIL fedgradschool@bath.ac.uk 
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PLANET EARTH QUEEN MARY 
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FOR ENROLMENT 
ALL YEAR ROUND 


The postgraduate MSc 
Astrophysics (part-time or 
full-time) and postgraduate 
Certificate in Astronomy 


A popular and long-standing 


provider of astronomy L z and Astrophysics at Queen 
distance learning courses. Mary University of London 
All courses enjoy an excellent reputation and a certificate is provide a unique opportunity 
awarded for each completed course. Students have easily for graduates to pursue the 
accessible, one-to-one contact with their tutors. subject in depth, either for _s . 
Five astronomy courses available: personal interest orasa step cee. Emersog/ NSU 
* GCSE Astronomy - for a certificate towards a professional career C&mbridge Astronomical Survey Unit 
* PEC Nature of the Planets - learning for fun about the in astronomy. The programme : 
solar system is unique in the scope of 
* PEC Nature of the Stars - learning for fun about the night sky material covered, giving students an up-to-date account of recent 
* PEC Astonomy - to GCSE standard but without the exam developments. Lectures cover topics such as the origin of the 
* PEC Advanced Astronomy - for the more dedicated student universe, dark matter, the life and death of stars, extrasolar planets 
and space and solar plasma physics. In addition, students complete 
Also available: The Mobile Stars Planetarium - an exciting a project in a theoretical or observational area of astrophysics. 


educational experience in schools and for scouting groups. 
For further details and application go to: 
astro.qmul.ac.uk/teaching/msc-astrophysics 


_ * 
TEL 0207 882 6958 

\Q/ Queen Mar 
EMAIL astro-pg@qmul.ac.uk ee Queen M y 


4 


EL 0161653 9092 planeteartheducation.co.uk 


ADVERTISEMENT FEATURE 


GUIDE 2014 


of the postgraduate and short courses available in science subjects 


UNIVERSITY OF EDINBURGH 
APPLIED MASTERS IN GEOSCIENCES 


The School of GeoSciences at the University of Edinburgh is 

the largest grouping of GeoScientists in the UK with over 370 
academics, researchers and research students. 

Our applied and innovative Masters programmes* are designed 
to develop in graduates those skills and areas of expertise most 
prized by employers. The School promotes industry 

engagement through collaborative dissertation projects; seminars 
and conferences and fieldwork exercises. This means that our 
graduates are exceptionally well-placed to find relevant work, as 
well as continuing in academia. 
Looking to change direction? We support a return to learning, 
offering many programmes part-time over 2 or 3 years as well as 
scholarship opportunities to help you fund your studies. 


*Find out more: 


OUR PROGRAMMES: edin.ac/15ZIPVe 
SCHOLARSHIPS: edin.ac/1facObZ 


APPLICATION ENQUIRIES sciengra@ed.ac.uk 
SCHOLARSHIP ENQUIRIES pgt-students-geosciences@ed.ac.uk 
ALL OTHER ENQUIRIES info@geos.ed.ac.uk 


LIVERPOOL JOHN MOORES UNIVERSITY 

STUDY ASTRONOMY IN LIVERPOOL 

MPHYS IN ASTROPHYSICS (4 YEARS) 

BSC (HONS) PHYSICS WITH ASTRONOMY (3 YEARS) 


Apply now to study Astronomy in Liverpool and benefit from: 


* Teaching by world-leading academics from both LJMU and the 
University of Liverpool 

* Second-year field trip to a Tenerife observatory 

* Chartered Physicist status from the Institute of Physics upon 
graduation 

° A friendly department with an ‘open door’ policy and active 
physics society 

* Eligibility for generous University of Liverpool attainment 
scholarships and University of Liverpool bursaries on application 


Applications are still being accepted, get in touch now or find out 
more: www.astro.|jmu.ac.uk/ugrad 


LJMU graduates go on to secure employment in pure research, 
telecommunications, microelectronics, renewable energy, nuclear 
power and instrumentation, cryogenics, astronomy, geophysics, 
medical physics, materials science, information technology, 
commerce and management. 


Riddles of the ancient world’s most iconic buildings are now being solved using 
3D laser scanning technology, as engineer Steve Burrows told Helen Cahill 


OW CAN WE learn more about 
history’s greatest buildings and 
the methods used to construct 
them? That’s where 3D laser 
scanning comes in, capturing 
the ruins and recreating virtual 
replicas. Structural engineer 
Steve Burrows, who worked on 
Beijing’s ‘Bird’s Nest’ Olympic stadium, 
and presenter Dallas Campbell visited 
ancient sites for the National Geographic 
documentary Time Scanners. From Egypt’s 
pyramids to Rome’s Colosseum, Steve 
Burrows gives us the latest insights. 


Steve Burrows at the 
magnificent Petra 
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Dallas Campbell (left) and 

teve Burrows examine a. -* 
computer recreation of © 
the Colosseum 


The Great Pyramid 
is scanned with the 
laser technology _ 


=| 
Machu Picchu 
‘“Gpareveals its secrets 


r BEFORE THE GREAT Pyramid, the 
Egyptians hadn't cut the stones 
accurately enough to make the joints really 
tight. They had problems with ‘freeze thaw’. 
This is when moisture gets into the joints, and 
if the weather is cold enough, the water 
freezes, solidifies and expands - pushing the 
joint apart. That cycle of joints being opened 
and closed effectively makes buildings fall 
apart. The Egyptians knew that if they could 
construct joints so tight that water couldn't 
get in, the building would last a long time. 
They did this in the Great Pyramid. In addition, 
they used stone like granite; a material so 
hard it wouldn't act like a sponge. So, the 
stone would shed the water and the 
building would last longer. j j 


For extended 
interviews with 
Steve Burrows, 
visit sciencefocus. 
com 


The Colosseun,, Italy 


ARCHAEOLOGY 


i WHEN WE PUT the Colosseum back to 
its original grandeur using laser- 
scanning technology, the thing that stood out 
was that the staircases were narrower at the 
top and bigger at the bottom. It was wider at 


4 THE SCALE OF Petra is immense - 


10,000 people lived there, in the desert. 


It only rains for a short period of time, and 
they had to hold the water from these brief 
interludes of rainfall for the rest of the year. 
So they had to have pools - huge bodies of 
water in the desert. These incredible buildings, 
carved out of sandstone, have lasted 2,000 
years. We figured out how they built it through 
the laser scanning. They put giant steps into 
the mountain, so they could see the quality of 
the rock, and so that there was no need for 
people to be hanging by ropes and dangling 
dangerously off the mountain. They wanted to 
make sure the masons were safe, because 
these people were highly skilled, and 

there weren't many of them. j j 


the exit, so that 60,000 people could get out 
without there being a stampede. They wanted 
people to be able to enter and leave safely. 
People could also enter at different levels. Once 
inside the Colosseum, you were separated by 


Machu Picchu, 


your ticket price - by your position in society. 
Some people had to get to the very top, some 
to the bottom. You went up different staircases 
and entered through different routes - 

exactly how we do in modern stadiums. | | 


(| (| IT’S HARD TO breathe at Machu 
Picchu because the air is so thin. 
Imagine moving huge pieces of stone. They 
cut rock off the top of the mountain and 
moved it the shortest possible distance 
because it was an incredibly difficult place to 
work. They also captured a stream and ran 
it down a series of fountains so that 1,000 
people could live there. We knew that toilets 
must be lower down the mountain than the 
water supply. They captured their waste in 
what were effectively bedpans, took them to 
a building and then somebody walked down a 
spiral staircase and put them in a cave. When 
they'd finished with water for washing, they 
allowed it to run down through the 
caves to wash away the waste. j j 
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A safe, low-cost thermoelectric material could generate 
electricity from heat in everything from your clothing to your 
car, reveals Chris Edwards 
APRIL 2014 / FOCUS / 57 
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MATERIALS SCIENCE 


HAT IF YOUR 
jacket could 
harvest your 
body heat to 
power a phone? 
Or your car 
could capture 
energy from its exhaust to 
minimise fuel consumption? 
Or how about a power station 
that harnesses waste heat to 
generate more electricity? 
Materials that generate 
electricity from heat like this 
already exist, but they’re 
flawed. They’re not only 
inefficient but often fragile, 


toxic or prohibitively expensive. 


But safe, cheap varieties could 
be here soon, thanks to a 
concerted effort by materials 
scientists this year to find the 


perfect thermoelectric material. 


Thermoelectrics are 
substances that create an 
electric current when heat 
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“The main 
problem with 
finding a good 
thermoelectric 
material is 

the tyranny 

of choice” 


is applied to one side. The 
effect was first documented in 
1821 when Prussian scientist 
Thomas Seebeck observed 
some unusual behaviour when 
heating an electrical circuit he 
had set up. However, taking 
advantage of these properties 
has so far proven difficult. 

So what makes a 
thermoelectric material? First, 


you need a material that is 
a good thermal insulator. If 
heat spreads too quickly, it’s 
impossible to get a difference 
in temperature between one 
side and the other. It’s that 
difference that holds the key 
to recovering energy. 

At the same time, you need 
a material that lets electrons 
move freely — a good conductor 
of electricity. As it heats up, 
electrons tend to move and 
spread out. In a thermoelectric 
this is important, because the 
electrons from the hot side 
will flow out to the cold side 
and begin to build up there. 
With more electrons on one 
side than the other, the result 
is a voltage much like the one 
that forms across a battery. 
That voltage can drive an 
electrical circuit. 

The trouble in designing a 
thermoelectric material is 


1. Thermoelectric material pioneer 

Prof Stefano Curtarolo 

2. A supercomputer being used to model 
thermoelectric materials at NERSC 


3. An electron-conducting molecule is 
trapped between two gold electrodes in 
this artist's impression of the Seebeck effect 


4. Prof Gerbrand Ceder is searching for 
better thermoelectrics at MIT 


that good electrical conductors 
tend to be metals. And as 
every cook knows after trying 
to pick up a metal-handled 
saucepan, they conduct heat 
very well too. This means the 
heat spreads out too quickly to 
maintain a good temperature 
difference. The best 
thermoelectric, then, needs 

a split personality. 


COMPUTER POWER 


The main problem 
with finding a good 
thermoelectric material 


o 


MATERIALS SCIENCE 


‘How thermoelectrics powered Voyager 


NASA’s twin Voyager spacecraft have kept going by harnessing heat from 


the radioactive decay of plutonium 


The Voyager 1 spacecraft was launched 
in 1977. It has.now left the Solar 
System and is still receiving electricity 
from its thermoelectric power system 


NOW ON THEIR way out of the Solar System, 
the two Voyager space probes are still 
running thanks to thermoelectrics. For much 
of their mission, the Sun has been a distant 
speck in the sky, which ruled out solar 
power. Chemical fuel cells were too heavy 
and bulky. David Singh, group leader of the 
advanced materials group at Oak Ridge 
National Laboratory in Tennessee, says the 
generator needed a nuclear fuel source. 
Rather than squeeze a full nuclear reactor 
into a space probe, NASA used the heat 
generated by plutonium as it decays 
radioactively. “In Voyager, plutonium discs 
are surrounded by thermoelectric elements 
that generate electricity,” Singh says. 
Plutonium generates a surprising 
amount of heat. A pellet the size of a 
large marshmallow glows red hot and can 
produce more than 60W of power. This 
output drops as the radioactive material 


decays into inert lead, although not very 
quickly. After 30 years in space, the power 
developed by Voyager 1's radioactive 
generator was still at 60 per cent of its 
output at launch. 

Despite the staying power of nuclear- 
fed thermoelectrics, efficiency is of prime 
importance for NASA and other space 
agencies. More than 90 per cent of the 
energy that could be scavenged from 
red-hot, heavy plutonium is lost. Doubling 


~ : efficiency would slash 50kg off the weight 
} of,a’probe that has the power needs of a 


spacecraft like Voyager. 

NASA has more options to play with 
than other users of thermoelectrics. The 
advantage for space probes, unlike cars 
and clothes on Earth, says Professor 
Stefano Curtarolo, is that they can use 
toxic materials. They are unlikely to be any 


_ more dangerous than the highly radioactive 


The three radioisotope 
thermoelectric generators 

of the Voyager 1 probe 

can be seen mounted end to 
end, held away from the main 
body of the spacecraft. 


plutonium. And because not many probes 
get made each year, they can exploit much 
rarer chemical elements. 


A glowing plutonium pellet - its radioactive decay can be 
harnessed to create electricity 


MATERIALS SCIENCE 


Energy-saving exhausts 


Thermoelectric materials will make cars even more 
efficient by sucking up waste heat 


HEAT SPEWS OUT of a car’s exhaust, yet all 
it does is warm up the air. That's why cars in 
this year’s Formula 1 series will add an extra 
piece of metalwork to capture at least some 
of that waste heat and turn it into useful 
energy, which can cut down on fuel. 

Fl's heat-recovery system is mostly 
mechanical, working like a regular turbine 
generator. While these devices aren't 
using thermoelectric materials, an equivalent 
that is being developed for consumer 
cars could do just that. The European 
Union-funded PowerDriver programme 
is focusing on putting thermoelectric 
generators in the exhaust pipe itself to 
capture the waste heat. 

A big problem with using thermoelectrics 
for cars is the materials necessary to make 
them. The PowerDriver project is testing the 
concepts with inorganic crystals such as 
lead telluride. Yet there might not be enough 
to put in the exhausts of the millions of cars 


Nico Rosberg’s Mercedes (bottom) will soon 
be recovering waste heat, while PowerDriver’s 
thermoelectric exhaust technology, being tested 


here, will perform the same role in everyday Cars , 


made each year 
around the world. 
Professor Stefano 


is the tyranny of choice. 

There are close to 
200,000 known inorganic 
compounds - for most of 
those we know little about 
how well they conduct heat 
or electricity. 

So how can we narrow down 
the search? Researchers are 
now using computer modelling 
techniques to figure out how 
materials should behave 
without having to make them 


Curtarolo says that there's a similar 
shortage of materials for electric and 
hybrid vehicles. “For electric cars we 
need strong magnets, and to 
make them stronger we need 
elements like dysprosium. 
If everyone in the world 
each wanted a Toyota 
ee Prius, there would not 
“y be enough dysprosium 
\ to g0 around.” 
Lead telluride is not 
only expensive, but toxic 


Prof Stefano Curtarolo, director of the Center for Materials Genomics at Duke 
University, North Carolina 


too. That's why projects like PowerDriver 
are working on combinations of much more 
abundant elements: silicon, which is in every 
grain of sand, and magnesium. 

Last summer the companies behind 
PowerDriver revealed that they had a 
system that could generate enough power 
to save 2.5 per cent on fuel. Sadly, there 
could be a catch. It's not clear whether or 
not the materials they are working on will 
survive the temperature extremes of a 
car's exhaust for the years they'd need to 
be in service. 


works out how those elements 
should solidify. 

“In the world of quantum 
mechanics, there are infinite 
configurations whereas 
thermodynamics is the set 
of laws that determine what 
is going to form,” explains 
Professor Curtarolo. “Quantum 
mechanics does not know 
if water should be liquid 
or solid. Thermodynamics 
can tell you, and it’s very 
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first. It seems the hunt for 
cheaper, more efficient 
thermoelectric is finally 
hotting up. 

Professor Stefano Curtarolo, 
director of the Center for 
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Materials Genomics at Duke 
University in North Carolina, 
points to three advances 
driving the process forwards. 
One is using computers to 
crunch through quantum 


mechanical calculations 

to predict how elements 

can combine and how their 
electrons would behave. 

The second is computational 
thermodynamics, which 


good at ruling out impossible 
materials. For instance, we 
could create a big database 
of materials with millions 

of entries. Applying 
thermodynamics would 


MATERIALS SCIENCE 


Electricity-generating clothes 


Fabrics incorporating thermoelectric materials will charge your 
gadgets from your body heat 


piece of felt that converts 
body heat into electricit 
Y xiao, i 


aa 
oh! 


IMAGINE CLOTHES THAT are cool to 

the touch, even when you're hot during 
exercise. Thermoelectrics could do that, 
thanks to a phenomenon known as the 
‘Peltier effect’. If you pass electricity 
through a thermoelectric material instead 
of harvesting it, you can change its 
temperature. Alternatively, the heat 
generated could be harnessed to produce 


electricity - enough to power a smartphone. 


Seeing the potential of thermally active 
smart clothes, researchers have been 
beavering away at finding a suitable fabric 
for more than a decade. But there are a 
couple of big snags. Clothing usually needs 
to be thin. If thermoelectric materials like 
inorganic crystals are used, they may 
be too brittle to be scaled down to the 


thickness of a fabric. Thermoelectrics 
also rely on there being a temperature 
difference between one side and the other. 
With a sports shirt, you are unlikely to get 
much of a temperature difference at all. 
Looking to overcome the problem of 
brittle inorganic crystals, David Carroll, 
a nanotechnology expert at Wake 
Forest University, North Carolina, is 
working on a felt-like material made of 
carbon nanotubes that could act as a 
thermoelectric fabric. The nanotubes are 
flexible and are more likely to survive the 
washing machine. Carroll says clothing 
made of the felt could harvest one or two 
watts of electricity from the 1IOOW or so of 
heat the body emits. That could be enough 
to top up the charge on a mobile phone. 


enable us to get rid of 99 per 
cent of them.” 

Professor Gerbrand Ceder 
of the Massachusetts Institute 
of Technology is also searching 
for better thermoelectrics. 

He believes harnessing 

the number-crunching 

power of supercomputers 

is the best way to find 

them (see ‘How to create a 
thermoelectric’, above). Take 
the supercomputer at the US 
National Energy Research 
Scientific Computing Center 
(NERSC), for example. It only 
just scrapes into the top 30 of 
the world’s fastest but Ceder 
says: “If you had that machine 


just for one day you could 
calculate the basic properties 
of 20,000 compounds.” 
Computerisation has turned 
the hunt for new materials 
from a marathon into a sprint, 
and a third advance will 
help scientists win the race: 
artificial intelligence routines. 
These can look for the best 
candidates that can then be 
made in a lab for tests in real 
systems. Curtarolo adds: 
“There is some luck involved. 
It could take a few months or 
a few years. But we are almost 
there. It’s a race around the 
world and people are scanning 
a lot of possibilities. It is just a 


matter of time before we find 
something good, not just in 
thermoelectrics but in other 
fields as well.” 


Recognising that the biggest 
problem is cataloguing the 
possible materials so that 
supercomputers aren’t tied up 
making the same calculations 
over and over, scientists 

like Ceder and Curtarolo 

are creating a worldwide 


database of possible materials. 


It’s the goal of the US 
government-backed Materials 
Genome Initiative, named in 


recognition of the project that 
published the sequencing of 
the human genome at the turn 
of the millennium. 

Armed with the mountain 
of data now being compiled, 
Curtarolo is confident that a 
thermoelectric that beats all 
others is waiting to be found: 
“Our field is not ‘waiting for 
Godot’,” he says, referring 
to the character in Samuel 
Beckett’s play who never 
arrives. “Something is coming.” 


== | 
CHRIS EDWARDS is a freelance 
writer and editor reporting on 

IT and electronics 
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_ SPACE JUNK 


ROBOTIC 
WRESTLING 


The best way to remove large 
objects such as dead satellites 
is to slow them down so that 
their orbit altitude decreases 
and they burn up as they enter 
Earth’s atmosphere. 
DLR, the German 


agency, has tasked Astrium 
with testing this approach 
with the DEOS mission, which 
is expected to launch in 2018. 
The Astrium spacecraft would 
carefully approach the defunct 
satellite, grapple it with robotic 
arms and then fire its engines 
to drive it into a new trajectory. 
However, the rendezvous and 
capture process isn't easy, So 


SETTING 
SAILS 


The space junk problem can 
be circumvented if satellites 
can be fitted with devices 
that drag them back to 

Earth once they become 
defunct. This can be done at 
manufacture. The University 
of Surrey has developed an 
ultra-light 5m x 5m sail which 
extends on a boom from the 
satellite once its mission is 
over, pulling it back down to 
terra firma. ESA will begin 
testing the device later this 
year; if successful, the sail 
could potentially be retro- 
fitted to existing telecoms 
satellites already in orbit by 
a robotic spacecraft. 


this mission will test whether 
this is in fact a viable solution. 


[7] 


SPACE DEBRIS 


° 
is the term used to describe dead satellites, rocket booster ; 
stages, and fragments from these produced by their break-up coy : 
through explosions, erosion or collisions with each other. z ‘ 


15km/s 


Space debris collisions can take 
y place at up to 15km/s (33,500mph). 


Gee 


tonnes 


is the total mass of man-made 
space debris. This is comprised 
of some 23,000 trackable 
objects and many millions of 
smaller, untrackable ones. 


At such high velocities, even tiny 
objects can cause serious damage. 


—@, 
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PROFESSOR CHRIS WELCH is a professor of Astronautics and Space 
Engineering at the International Space University in Strasbourg, France 
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FISHING 


Catching smaller pieces 

of debris is difficult. The 
Japanese space agency, 
JAXA, recently announced 
plans to test a 700m-long 
magnetic ‘fishing net’: a 
meshed tether made of 
aluminium and steel wires. 
Electric current will be 
passed through the wires so 
that the net can manoeuvre 
itself, and this will generate 


SPACE JUNK 


SPACE 
SPHERES 


Smaller debris is harder 

to scoop up, but Sean 
Shepherd of Eastern New 
Mexico University envisions 
a giant sticky ball that could 
do the job. His proposed 
Adhesive Synthetic Trash 
Recovery Orbital Spheres 
(ASTROS) are 1.6km-wide 
balls comprising metallic 
foam cores covered by an 
adhesive outer layer that 
tiny pieces of space rubbish 
would stick to. As the ball 
accumulated more junk, 
and so increased in weight, 
it would dip lower into 


an electromagnetic field that 
will attract debris to it. Once 
the net is full, it deorbits 
itself and the debris to burn 
up in the atmosphere. If the 
test, which launches this 
year, is successful, JAXA 
plans a 10km-long version. 


Earth's atmosphere, 
burning up on its 
way down. 


is the number of trackable fragments y ‘ i 
created by the Chinese Feng-Yun 1C : es 
anti-satellite weapon test in 2007. 


RPS LE bs VAR ONE 


If nothing is done to remove space debris, collisions will continue 
to take place, increasing the amount of debris and the risk of 
future collisions. This is called the Kessler syndrome. 


If a significant piece of debris is likely 
to come within a few kilometres of the LASER Seeceee sia so 
International Space Station, then the TAG 


investigated today by groups 
around the world. The debris 
would be nudged just enough 
to prevent a collision or, 

over time, to slow the debris 
enough to re-enter the Earth’s 
atmosphere. To hit such small 
targets would, however, require 
both very accurate tracking and 
very accurate lasers. 


station is manoeuvred to a different 


altitude to avoid it. If all else fails, there are always 


lasers. Space debris smaller 
than 10cm in a low-Earth orbit 
could be targeted by ground- 
based lasers that would 
evaporate just enough of the 
___ fragment to alter its trajectory. 
This ‘laser broom’ technique 
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ADVERTISEMENT 


Home cinema 


Which sort of visual system do you go for? Projector and 
screen, or plasma, LCD or LED TV? 3D or non-3D? 


Choosing a home cinema system 
is a potential minefield that must 
be negotiated with great care or 
safely avoided by letting experts 
guide you. If you want to end up 
with a system that, as a minimum, 
meets your expectations in terms 
of picture and sound quality, 
reading magazine product reviews 
and choosing the recommendations, 
five-star favourites or best buys 
can only ever be part of the answer 
at best. Looking for the cheapest 
price and having a system 
delivered to your door, even with a 
‘knowledgeable’ friend to help set it 
up, is a well-trodden path to 
disappointment. 


There is a bewildering choice of 
components on the market today and also 
different ways in which components can 
be installed and connected together. 
Which sort of visual system do you go for? 
Projector and screen, or plasma, LCD or 
LED TV? 3D or non-3D? Full 1080p 
capability is now the only sensible choice 
but the appropriate source components, 
such as a Blu-ray player, need to be part 
of the equation. 


The sound performance of a system is 
also hugely important, even more so if you 
will be listening to music, or music DVD’s, 
through the same system. If so, you need 
an amp that approaches the performance 


selecting and installing 
home cinema on a 
DIY basis may leave 
the system performing 
at way below its 
optimum level. 


of a decent 2-channel hi-fi amp, which is 
not that easy to find. Having an amp with 
the right inputs for the best connectivity is 
essential but you will also need to decide 
ona 5.1 or 7.1 speaker system, passive 
or active sub and, crucially, where they will 
be sited for the best results. In short, it’s 
complicated and very fertile ground for 
getting it wrong. 


Achieving potential 


To select a system, you could choose a 
collection of ‘Best Buy’ components in the 
hope that they will be a great combination. 
Maybe, but probably not. You could buy a 
pre-packaged all-in-one system from one 
manufacturer. This is almost certainly not 
the best route either, as you will miss out 
on enormous potential. From informal 
surveys conducted, it appears highly likely 
that the majority of home cinema systems 


selected and installed on a DIY basis (that 
is without professional input) are 
performing at way below their optimum 
level. To compound matters, most are also 
ill-matched to the room in which they are 
installed and are, in reality, the wrong 
system. Without considerable knowledge 
or experience, high quality home cinema 
is not a suitable DIY activity. Our aim must 
be to buy a home cinema system that will 
provide an excellent picture quality plus an 
audio delivery that will match, or even 
better, the commercial cinema experience. 
It must be exciting, reliable and deliver 
true value for money. 


f c Home cinema 
SO good you'll believe 
you’re there! 5 


eee ’ 
ee 


onfused ? 


What and Where to buy 


To ensure a home cinema system is right 
for you, where do you start? Here’s an 
important tip ...don’t start with WHAT, start 
with WHERE. There’s only one way to give 
yourself the best chance of getting it right 
first time, and that’s through a specialist 
AV dealer. It’s possible you have 
preconceived ideas that put you off visiting 
one. Although you would welcome the 
advice and guidance, you don’t know the 
technical jargon. You don’t want to be 
talked down to. Your friend has said they 
only sell expensive gear and they’re not 
interested if you don’t have a big budget. 
They’re expensive. These are just myths. 


Most specialist AV dealers are running 
their business because, above all, home 
cinema is their hobby. They spend a large 
portion of their time comparing systems to 
get the best possible results. They know 
the component combinations which don’t 
gel together and, conversely, they know 
the combinations which give the best 
performance within a given price range. 
Very importantly, they know how to get a 
system working to its optimum. But they all 
also know the system must suit you. 


Buying or being sold to 


There are dealers around, web based or 
otherwise, who will sell you anything you 
are willing to pay for. They may be a bit 
cheaper but that’s all they offer. Now 
there’s a carefully selected group of long- 
established specialist dealers who are 
totally committed to putting the customer 
first. Their idea of ‘selling’ is to discuss 
your requirements, offer their advice, give 
you the best options, then play the 
systems for you and allow you to be the 
judge. You'll probably be surprised and, 
almost certainly, relieved to discover how 
easy it is to see and hear the differences 
between components and between 
systems. You'll be able to make a clear 
and informed decision about what to buy. 


The story doesn’t end there. These shops 
won’t abandon you once you’ve put your 
hand in your pocket. They won’t leave you 
to set up the system you’ve selected as 
best you can. They'll install it in your 
home, make sure it performs to its best, 
and ensure you're entirely happy with the 
way it works. Why? Because a high 
proportion of these dealers’ custom comes 
through people who have bought from 
them before, either directly or by 
recommendation. It’s vital to them to get it 
right for you. 


Getting the best deal 


Unless you’ve got money to burn, you'll 
be living with your new system for years. 
Most of these dealers offer much longer 
equipment guarantees than provided by 
the manufacturer, a very worthwhile 


benefit, but it also makes it in the dealer’s 


interest to ensure high build quality and 
reliability. Maybe you could save a few 
pounds by buying piecemeal but you'll 
lose out on the overall package. As far as 
the dealers are concerned, they believe 
that taking care of their customers 
properly is a far better way of doing 
business than just handing over boxes. 


SOUTH 

Chelmsford 

RAYLEIGH HI-FI SOUND & VISION 
216 Moulsham Street. 

01245 265245 
www.rayleighhifi.com 
Maidenhead 

AUDIO VENUE 

36 Queen Street. 

01628 633995 
www.audiovenue.com 

Norwich 

MARTINS HI-FI 

85-91 Ber Street. 

01603 627134 
www.martinshifi.co.uk 

Rayleigh, Essex 

RAYLEIGH HI-FI SOUND & VISION 
44a High Street. 

01268 779762 

CUSTOM INSTALL DEPT. 

01268 776932 
www.rayleighhifi.com 
Southend-on-Sea 

RAYLEIGH HI-FI SOUND & VISION 


132/4 London Road. 
01702 435255 
www.rayleighhifi.com 


LONDON 

Ealing 

AUDIO VENUE 

27 Bond Street. 

020 8567 8703 
www.audiovenue.com 


QUALITY 
VALUE FOR MONEY 
SERVICE 
FACIENMMESReeeere. 
VERDICT 


ASSURED 


STAR QUALITIES 


The Dealers listed below have been 
selected because they are known to do 
an excellent job in guiding customers 
towards home cinema systems that 
will provide years of superlative 
performance and total satisfaction. 


N1 GRAHAMS HI-FI 

190a New North Road. 

020 7226 5500 
www.grahams.co.uk 

SW11 ORANGES & LEMONS 
61-63 Webbs Road, Battersea. 
020 7924 2040 
www.oandlhifi.co.uk 


MIDLANDS 

Coventry 

FRANK HARVEY HI-FI EXCELLENCE 
163 Spon Street. 

024 7652 5200 
www.frankharvey.co.uk 
Nottingham 

CASTLE SOUND & VISION 
48/50 Maid Marian Way. 
0115 9584404 
www.castlesoundvision.com 


NORTH 

York 

SOUND ORGANISATION 
2 Gillygate. 

01904 627108 
www.soundorg.co.uk 


came 


The majority of the above dealers 
are members of one or both of 
the major trade organisations, 
BADA or CEDIA. 


www.top20uk. info 
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CRYSTALS 


Selenite crisscrosses 

the chambers and tunnels 
of the Cueva de los 
Cristales in Mexico, home 
to some of the largest 
crystals ever found 
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CRYSTALS 


~ 4 ~ »> 
They’re usec ‘in everything from your TV to $ 


your wristwatch. Sarah Houlton takes a 
look at the fascinating capabilities of crystals 


YES, THEY’RE USED 
for their mystical 
healing powers and to 
facilitate some people’s 
need to make their 
living rooms look like 
Merlin’s cave, but 
crystals are integral to 
the modern world we 
live in. They come in all 
shapes, sizes and 
colours. They can be 
abundant but with 
amazing properties to 
harness, or so rare they 


are prized by royalty as 
the ultimate accessory. 
The giants pictured 
here, for, instance, lie 
300m beneath the 
ground in Naica, Mexico. 
A type of gypsum, the 
biggest are 11m in length 
and weigh 55 tonnes. 
These natural wonders 
would have remained 
just that were it not for a 
way to unlock their 
secrets. It was 100 years 
ago that the technique 


of X-ray diffraction first 
allowed the detailed 
study of crystals. To 
mark this breakthrough, 
the International Year 
Of Crystallography is a 
year-long celebration of 
the scientific methods 
used to reveal the 
natural patterns that 
underpin much of our 
technology. Read on to 
discover some of the 
most notable members 
of the crystal family. 
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CRYSTALS 


IN THE EARLY 1980s, Israeli scientist 
Dan Shechtman discovered that crystals 
could form in structures that are ordered, 
but that have no repeating pattern. 

The idea was so controversial he didn’t 
publish his results for two years, fearing 
no one would believe him. It turns out 
he shouldn’t have worried, as he was 
awarded the Nobel Prize for the work 

in 2011. The structures, now known as 
quasicrystals, resemble Moorish mosaics 
such as those found in the Alhambra in 
Granada, Spain. 

Since Shechtman’s publication, 
hundreds of quasicrystals have been 
created in the laboratory, but the 
world had to wait until 2010 for 
a natural one to be identified. 
Named icosahedrite, the 
elusive crystal was found 
embedded in a meteorite 
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in Russia’s remote 


having literally 
fallen from 


ONE OF THE most 
abundant minerals, 
quartz is made up of 
aregular 3D lattice 

of silicon and oxygen 
atoms. It has a very 
useful property: when 
it is squeezed or bent, it 
generates an electrical 
charge on its surface. 
This effect, known as 
piezoelectricity, also 
works in reverse; if 

a charge is applied 
across a quartz crystal 
it bends. If an external 
current is then applied 
and pulsed on and off, 
a piece of quartz can be 
made to oscillate. 
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Koryak Mountains, 


By exploiting this 
effect the crystals can be 
used as timing devices. 
The frequency of the 
oscillation depends on 
the crystal’s size and 
shape and how the 
current is applied. They 
are typically engineered 
to vibrate 32,768 times 
a second. Then a digital 
counter creates a pulse 
once a second to drive 
a clock’s hands. They’re 
incredibly accurate 
if the temperature 
stays constant. For 
a watch, your body 
helps stabilise the 
temperature. 
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CRYSTALS 


IN NOVEMBER LAST 
year, the world’s most 
expensive diamond 
sold in Geneva for an 
astonishing £52 million. 
The 59.6 carat Pink 
Star diamond measures 
2.69 by 2.06cm, and 
weighs almost 20g. 
Like all diamonds, it 
is formed from a 3D 
crystal lattice of carbon 
atoms each bound to 
four others. It’s this 
tight, strongly bound 
structure that makes 
diamond the hardest 
known naturally 
occurring substance. 
Completely 
pure diamonds are 
colourless, but defects 
in the lattice can result 
in the stones appearing 
pink, brown or red. 
Impurities of other 
elements caught up 
amongst the carbon 
lattice can also result 
in yellow, blue or green- 
tinted diamonds. 
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CRYSTALS 
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NEXT TIME YOU are 
cooking carrots you 
may be inadvertently 
creating a liquid 
crystal. Austrian 
botanist Friedrich 
Reinitzer discovered 
the phenomena in 1888 
when investigating 
cholesterol derivatives 
from vegetables. 
He noticed that the 
molecules in the 
strange, cloudy liquid 
he had created were 
arranged in a regular 
pattern similar to that 
seen in a solid crystal. 
Since then several 
other forms have been 
discovered, such as 
the nematic liquid 
crystals found in 
most modern 
televisions 
and 


computer screens. 
The molecules in these 
substances naturally 
align in parallel, but 
change in orientation 
when a voltage is 
applied, altering the 
way they interact 
with light. To make 
an LCD screen, a very 
thin layer of nematic 
liquid crystal is 
sandwiched between 
a pair of transparent 
electrodes that apply 
the necessary voltage. 
Red, green and blue 
filters are then 

used to produce 

the desired 

colours. 
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THE TINIEST 
crystals ever measured 
are just 100nm 

across — about 800 
times smaller than 

the width of a human 
hair. Called ITQ-43 
(above), they were so 
small that Dr Ute Kolb 
at Mainz University 

in Germany needed a 
new technique to see 
their structure. Known 
as electron diffraction 
tomography, it revealed 
repeating channels 
shaped like four-leafed 
clovers, connected by 
narrower channels. 


They act like a funnel, 
controlling the way 
molecules diffuse. ITQ- 
43 are zeolites (main 
picture), synthetic 
crystals that have many 
important uses ranging 
from catalysts to fish 
tank filters. The shape 
and size of the pores 
they contain are crucial 
to their activity. ITQ-43 
have small and medium- 
sized pores and are 
based on atoms of 
silicon and germanium. 
They were created by 

a group of Spanish and 
Chinese scientists. @ 


SARAH HOULTON is a journalist who holds a PhD in 
organic chemistry from Imperial College London 
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Q) THERESA GREEN, SHEFFIELD 


Why are some people 
scared of holes? 


EE} IT’S CALLED TRYPOPHOBIA 
and it’s not a fear of open man-holes 
or caves. Rather, it is the revulsion 
some experience when they look at 
asymmetric clusters of small holes, or 
dark spots on anything from skin to 
wood or a plant. If that doesn’t sound 
horrifying, try Googling trypophobia. 
You'll see real or Photoshopped images 
of people with clusters of pockmarks 
dotted on their face or hands. Some are 
simply dark holes, others might be eggs 
or larvae. Severe trypophobes are also 
revolted by much more innocuous 
things like the bubbles in a Nestlé Aero. 
The term trypophobia was only 
coined in 2005 and the reasons for it 
are still poorly understood. One theory 
is that it might be a behaviour that 
evolved to make us avoid people with 
skin parasites. Another study at the 
University of Essex published last year 
found that the clustered patterns that 
tend to trigger trypophobic reactions 
are also found on some very dangerous “ be au ies rae da 
animals, such as the spots ona pions Sone cai 
blue-ringed octopus. LV the blue-ringed octopus 
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ALAMY, JAVIER TRUEBA 


carats (1 carat = 200mg) is the extraordinary 
weight of a rare blue diamond recently found 
in South Africa’s Cullinan mine. 


CERI RIDEOUT, AMMANFORD 


Can a moon have a moon? 


Jupiter’s moon 
Ganymede is the 
largest in the Solar 
System, but doesn’t 
have a moon itself 


EL} ASTRONOMERS ARE PRETTY certain 
there are no moons orbiting moons in our 
Solar System. Although possible, it is likely 
that the gravitational tug of the parent 
planet would quickly destabilise the orbit of 
the moon’s moon, eventually pulling it out 
of its orbit. However if the moon’s moon is 
small, the distance to the parent planet is 
large and there are negligible tidal forces, 
then such a system could exist. AG 


ROGER WEBBER, ARGYLL 


How do bank card 
readers work? 


EY BANK CARD READERS used to 
work similarly to the heads in a tape 
machine. Information was 
transferred as the card’s magnetic strip 
passed over the reader. In chip-and- 
pin devices, the readers make 
electrical contact with an 
embedded chip on the 
card. Like the 
magnetic strip, the 
user’s PIN is 
encrypted on the 
chip. When the 
\ correct number is 
entered, the 
card authorises 
the payment. GM 


So much easier than 
writing a cheque 


LOUISE MEYNELL, WINCHESTER 


Is personality genetic? 


N 
a 
"- 
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ED YES, IN THE sense that many 
personality differences are highly 
heritable. Some of the best evidence 
comes from twin studies, especially 
those comparing pairs of identical 
twins who have been raised together 

to pairs who have been raised apart. 
These have the same genetic make-up 
but are brought up in different families. 
Among the most highly heritable traits 
are leadership, traditionalism and 
obedience to authority. It may seem odd 
that liking traditional values and wanting 
rules to be obeyed are inherited, yet this 
is what research reveals. The biological 
basis may involve different levels of 
neurotransmitters, including serotonin, 
dopamine and noradrenaline. Other 
traits that are more than 50 per cent 
heritable include zest for life, sense 

of alienation, responsiveness to stress 
and risk-taking. 

This does not mean that these traits 
are rigidly fixed. A naturally fearful 
person can learn to overcome fear, an 
excessive risk-taker can learn when it’s 
wise to hold back, and knowing how 
our body reacts to stress can help us 
understand ourselves. But we cannot 
change ourselves into someone we 
are not. SB 


[1Q) ASHLEIGH BROOK, LOUGHBOROUGH 


rh 
Neer 


F 


ty 


Like father like son... 


What's the oldest human DNA discov red? 


EY ABOUT 400,000 YEARS old. 

This was DNA from a thigh-bone 

found in the ‘Pit Of Bones’ cave in the 
Atapuerca Mountains of northern Spain. 
The leg bone either belonged to an early 
Neanderthal or possibly a member of the 
human species Homo heidelbergensis. 
These are both sister species to our own 
Homo sapiens but H. heidelbergensis is 
the older species and is probably the 
direct ancestor of both the Neanderthals 
and ourselves. 

These other species of the genus 
Homo are not the same as a modern 
human though. Homo sapiens didn’t 
appear for another 200,000 years, and 
didn’t migrate from Africa to Europe until 
at least another 75,000 years after that. LV 


A skull of 

H. heidelbergensis 
found in the Pit Of 
Bones in Spain 
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QUESTION OF THE MONTH 


Is our Universe simply one of an infinite variety in the ‘multiverse’? 


Q> CALLUM VAN DE WEYER, SHROPSHIRE 


Are there opposing 
theories to the Big Bang? 


EY VIRTUALLY ALL 
cosmologists accept the Big Bang 
theory, in which the Universe 
exploded from a hot, dense state 
14 billion years ago. But this 
consensus has not always held. 
During the 1940s, astrophysicists 
at Cambridge University put 
forward the so-called Steady 
State theory. This holds that the 
Universe has existed forever, its 
expansion being propelled by an 
anti-gravitational force-field that 
also creates fresh matter to keep 
the Universe looking the same. 

The Steady State theory sought 
to replace the idea of a Big Bang 
of creation with an endless 


trickle - which is barely less 
baffling. Yet what really killed off 
the theory was the discovery in 
1964 of evidence for a primordial 
explosion: the so-called Cosmic 
Microwave Background (CMB). 
This is the ‘hiss’ of radiation left 
over from a hot Big Bang. 

While rivals to the Big Bang 
theory have been put forward 
since, none has been able to 
explain the CMB in all its detail. 
That said, controversy still rages 
about precisely how the Universe 
came into being. Many believe 
that the Big Bang was not a unique 
event, and that our Universe is just 
part of an infinite ‘multiverse’. RM 


(OD RON GARDNER, LUDLOW 


ls light pollution 
causing insect 
species to decline? 


EL ALMOST CERTAINLY. NOCTURNAL 
insects, particularly flying ones, are 
attracted by artificial lights. Some species 
circle around a streetlight, others settle on 
it or stop moving when they wander too 
close. This makes them more vulnerable to 
predators and interferes with their normal 
foraging and mating behaviours. 

This is definitely causing the . 
balance of insect species £ S 
to change. However, it’s = 
tooearlytosay whether © - 
the overall number is | a 
dropping or if some ; a 
species actually benefit 
from artificial light. Lv 


The moth: a 
lover of the light 


(OD NATASHA O'BRIEN, LONDON 


Will there ever be 
a male pill? 


ED UNLIKE WOMEN, MEN don’t have 

a natural monthly cycle of fertility, which 
means you can’t control it with a simple 
hormone pill. Until recently, research 

on the male pill has focused on ways of 
deactivating sperm, but new research in 
Australia has found a way to genetically 
modify mice so that sperm are not added to 
the semen during ejaculation. To turn this 
discovery into a pill, you would need drugs 
that can mimic the effects of the genetic 
modifications. This could take another 
decade to develop and license. LV 


A male pill is still far from being a reality since it’s much 
more difficult to control the production of sperm 
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Anearby 
gamma-ray burst 
would wipe out all 
life on Earth 


Q> C OSBORNE, SOUTH WALES 


What's the biggest 
‘gammarray burst recorded? 


‘ED GAMMA-RAY BURSTS 


(GRBs) are’extremely energetic 


_ flashes of radiation caused by 
- the collapse of massive stars to 
. form neutron stars or black 


holes. They are the most 
energetic events in the 
Universe, but extremely rare. 


galaxy in the constellation of 
Leo, about 3.8 billion light- 
years away. This is relatively 
nearby for a GRB, which 
explains why it was so bright. 
In fact, GRB 130427A was 
more than five times brighter 
than the previous record. 


PHOTO: NASA, ALAMY, PRESS ASSOCIATION, GETTY, THINKSTOCK 


The record for the most 
energetic is named GRB 
130427A, which occurred on 
27 April 2013. It was detected happened in our arm of the 
by many telescopes, on Earth Milky Way, it would have 
and in space, and occurred ina destroyed all life on Earth. AG 


It’s the biggest explosion 
astronomers know about, after 
the Big Bang itself. If it had 


DD ASH BLAIR, NORTHUMBERLAND 


ls it possible to harness 
the power of falling rain? 


(D JOSEPH FRIEND, ALTON 


Why do some people sleep with 
their eyes open? 


EY CHILDREN SLEEP WITH their 
eyes open far more often than adults 
and it seems to do them little harm. 
‘Nocturnal lagophthalmos’ is the 
technical term for this and in adults it 
can be more serious. If the eyes do not 
close properly then tears cannot wash 
across the whole of the cornea, 
keeping it wet and clean to prevent 
damage. The underlying reason may 
be a problem with the facial nerves 
that close the eyes or with the shape 


ED a 2008 FRENCH study estimated that 
you could use piezoelectric devices, which 
generate power when they move, to extract 
12 milliwatts from a raindrop. Over a year, 
this would amount to less than 0.001kWh 
per square metre - enough to power a 
remote sensor. A better idea would be to 
collect the water and use it to drive a 
turbine. The UK receives just under a tonne 
of water per square metre per year. For a 
house with a 185m’ roof, this would amount 
to 3kWh of energy per year. With a 60 per 
cent conversion efficiency, it’s enough to 
run a 15W light bulb for 133 hours. That’s 
still a lot less than solar energy; we receive 
60,000 times more energy per square metre 
from the Sun than from rain. LV 


of the eyelid. Some skin diseases and 
infections can also cause 
lagophthalmos and it can even arise 
from botched plastic surgery. For 
example, some older people have 
their upper eyelids operated on to 
remove some of the excess skin that 
increases with age. This may make 
them look younger, but if too much 
skin is removed their eyelids cannot 
close properly and they have to sleep 
with their eyes open. SB 
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It doesn’t rain hard enough for useful power, but you could 
be forgiven for thinking otherwise 


Se oes 
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[> Where could the next natural disaster strike? 


Around the world catastrophic events are waiting to happen; 
Bill McGuire reveals where Nature is set to unleash its power 


©) 


ED SAN FRANCISCO BAY, CALIFORNIA 


HAYWARD FAULT 


The San Francisco Bay area is a ticking time bomb - 
a devastating earthquake could happen at any time 


SAN FRANCISCO AND the ‘Bay Area’ 
of northern California are no strangers 
to earthquakes. The city was obliterated 
by the massive quake of 1906, and 
another shock in 1989 took 67 lives and 
made thousands homeless. Both of 
these quakes arose from the rupturing 
San Andreas Fault. Concern now, 
however, is focused on the less well 
known Hayward Fault. It’s a 50km- 
long (3 mile) crustal weakness that 
runs along the east coast of San 
Francisco Bay. The country’s most 
urbanised fault threatens more than 
7.5 million people. With 145 years 
elapsing since the last earthquake on 
the fault, and major quakes occurring 
every 138 years on average, there’s 
concern that the next one is imminent. 
A recent study predicted a death toll in 
the thousands, 150,000 homeless, and 
a cost to the economy of $235 billion. 


EY BAY OF NAPLES, ITALY 


a 


The fiery heart of the Campi Flegrei volcano has 
shown worrying activity since 2012 


WHILE VESUVIUS TOWERS ominously 
above Naples, the city’s other volcano 
keeps a low profile. Campi Flegrei is 
flat-lying, having blown its head off ina 
massive blast during prehistoric times. 
The volcano is still very much alive, 
though, and with 1.5 million people living 
within range, it’s regarded as the world’s 
most dangerous. Campi Flegrei 
constitutes what volcanologists call a 
‘restless caldera’ — a giant volcanic crater 
that is constantly tossing and turning. The 
last eruption, in 1538, was small. Despite 
episodes of swelling and swarms of 
earthquakes during the 1970s and 1980s, 
there’s been no eruption since. But 
renewed uplift, earthquake swarms and 
changes in the chemistry of volcanic gases 
mark a new episode of unrest that began 
in 2012. Whether this dies down again or 
builds to an eruption is a question that 
preys on the minds of locals. 


A similar mega-quake that caused the catastrophic 
Indian Ocean tsunami could be just decades away 


THOSE LOOKING TO take something 
positive from the devastating Indian Ocean 
tsunami of 2004 observe that such events 
are rare. It should be centuries before 
communities on the coastlines of Sumatra, 
Thailand and Sri Lanka face such a threat 
again. But recent, improved dating of past 
tsunamis suggests otherwise. It seems that 
the quakes along the eastern margin of the 
Indian Ocean, which trigger the tsunamis, 
happen irregularly and may come in pairs or 
clusters, as well as occurring singly. The last 
pair of tsunami-spawning quakes, which 
shook the region 600 years ago, occurred 
just 60 years apart; the implication being 
that some who survived the 2004 event 
may live to see a similar catastrophe. 


BILL MCGUIRE is Emeritus Professor of 
Geophysical & Climate Hazards at University 
College London and author of Waking The Giant 
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TOP TEN 


1. Sperm whale 
Intensity: 236 decibels (dB) 
Location: Worldwide 

Clicks generated by forcing 
air through a pair of phonic lips 


2. Bottlenose dolphin 
Intensity: 220 dB 
Location: Worldwide 

Can emit thousands of 
clicks per second 


Ag 


3. Snapping shrimp 
Intensity: 200 dB 
Location: Worldwide 
Acoustic pressures from a 
snapping claw can kill fish 


4. Blue whale 


Intensity: 188 dB 
Location: Worldwide 
Songs of four notes can 
last two minutes each 


5. Howler monkey 


Intensity: 140 dB 
Location: South America 
Howls can travel 5km 
through dense forest 


6. Lesser bulldog bat 


Intensity: 137 dB 
Location: South America 
They squeeze ear muscles 
shut when squealing 


7. Kekapo parrot 


Intensity: 132 dB 
Location: New Zealand 
Male inflates like a balloon 
and emits a series of booms 


8. Moluccan cockatoo 


Intensity: 129 dB 

Location: Moluccas, Indonesia 
Screeching mainly happens 

at dawn and dusk 


9. Northern 

elephant seal 

Intensity: 125 dB 

Location: Eastern Pacific 
Snouts act as echo chambers 


PHOTO: SCIENCE PHOTO LIBRARY X2, NASA, THINKSTOCK X5, GETTY, ALAMY, ARTHUR CHAPMAN, NOAA X2, JOHN MOOSE 


10. Bladder cicada 


Intensity: 120 dB 

Location: Australia 

Deep, frog-like sound is made 
by males to attract females 
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10) c OSBORNE, SOUTH WALES 


Would it be possible 


to send a probe into 
a black hole? 


Once a probe passes a black 
hole’s event horizon it passes 
the point of no return 


ED IT WOULD BE possible but a bit 
fruitless. As your probe approaches the 
black hole’s event horizon, beyond which 
it is lost forever, the difference in 
gravitational attraction between its top 
and bottom will be enough to tear it 
apart. Oddly though, the more massive 
the black hole the less this tidal force, so 
your probe might just survive beyond the 
event horizon of a really big black hole. 


SIMON WOODS, BRAUNTON 


What makes 


Even so, due to the warping of 
space-time around the black hole, your 
probe will experience time slowing 
down relative to the ‘outside world’. For 
you, watching your probe descend, you 
would see it slowing down until it 
becomes frozen in time at the event 
horizon. As a result, any radio 
transmissions it makes will be 
impossible to detect. AG 


icebergs flip over? 


LE) ICEBERGS ARE NOTORIOUS for 
keeping around 90 per cent of their 
bulk hidden beneath the surface of the 
sea. While this makes them far more 
dangerous to shipping than they appear, 
it does mean they’re extremely stable, 
and unlikely to wobble about. Yet even 
mountain-sized icebergs weighing 
hundreds of millions of tonnes have been 
known to flip over, creating tsunamis 
capable of swamping nearby vessels. 


The risk is highest just after the birth 
of an iceberg from the edge of a glacier. 
As it breaks away, the iceberg tumbles off 
into the ocean, its irregular shape leading 
to the berg swaying or even flipping right 
over as gravity seeks to bring most of its 
weight beneath the sea surface. According 


to research published in 2011 by Prof Justin 


Burton and colleagues of the University of 
Chicago, the resulting motion can release 
as much energy as an atomic bomb. RM 
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AMIR HASSAN, IRAN 


What are nanoscale magnets? 


ED WE USUALLY THINK of magnets as 
those bars of metal we used in the school 
physics lab, where the north pole was 
painted red and the south pole blue. But 
tens of millions of times smaller, there are 
nanoscale ferromagnetic particles, shards 
of iron less than 10 nanometres long. 
They can be suspended in liquids called 
ferrofluids. These resemble plain old oil, 
but they get interesting when you apply a 
magnetic field. The nanoscale magnets line 
up with the direction of the magnetic field 


Ferrofluids are far cooler than 
your physics class bar magnet 


and the fluid’s surface suddenly goes from 
smooth to spiky. 

Ferrofluids make quite a party piece but 
they are more than just a science festival 
favourite. Practical applications include 
acting as seals to keep dust out of computer 
hard drives. And in some experimental 
cancer treatments, small amounts of the 
fluid are injected into tumours. Applying 
a magnetic field heats the fluids, precisely 
scorching the cancerous tissue but leaving 
healthy cells alone. GM 


Make sure you pack a life vest 
if you're kayaking in the Arctic 


@ Did youknow? 


The most densely populated city in the “) 
world is Bangladesh's Dhaka. There are Minie & 
44,500 people in every square kilometre. “Sa 


Pomnes 


CHARLIE MACK, UCKFIELD 


Would a radioactive 
material at absolute 
Zero emit radiation? 


ED sTRICTLY SPEAKING, IT’S 
impossible to get to exactly absolute 
zero, or —273°C. Even so, the idea of 
chilling radioactive waste to incredibly 
low temperatures 

to make it safe is 
appealing. Sadly, 
however, it wouldn’t 
work. Radioactivity 
is a manifestation of 
fundamental nuclear 
forces and these are 
unaffected by low 
temperatures. RM 


Radioactive waste: best 
kept behind a sturdy door 


KNOW THE ANSWER? 

SB Go to sciencefocus.com/qanda/what 
and submit your answer now! 
LAST MONTH’S ANSWER: 
Yosef Gettu correctly guessed MRSA 
bacteria being consumed by a white blood cell 
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is the speed of the fastest broadband connection ever, recently achieved in 
London. This is enough to download 44 uncompressed HD films a second! 


(D RICHARD WAINSLEY, KING’S LYNN 


How do snakes produce their venom? 


EL} SNAKE VENOM IS made 
by organs that evolved from 
salivary glands. Ordinary saliva 
contains enzymes to help digest 
food as you chew it and natural 
selection has favoured snakes 
that include ever more toxic 
enzymes in their saliva. 

Scientists at Bangor 
University recently sequenced 
the genome of the king cobra 
and found that the toxins in its 
venom are slight variations of 
ordinary proteins. As prey 
gradually evolved immunity, so 
snakes have responded with a 
complex mix of 50-100 different 
proteins to alter blood pressure, 
prevent blood clotting and 
paralyse nerves. LV 


Q) EDDIE RACOUBIAN, LEBANON 


cocktail of toxins to take down prey 


Are there any treatme 


for night terrors? 


EY NOT REALLY. THERE is 
nothing pathological about 
night terrors, and the best 
response is sympathy and 
understanding. Many young 
children get them, especially 
boys aged five to seven, 

but most grow out of it 

by adolescence. 

Night terrors can be as 
frightening to those watching 
as to sufferers, who typically 
wake up screaming and 
confused, remembering 
nothing of what woke them. 
They may hit things, wet the 
bed, and appear terribly 
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agitated, but in many cases 
they never fully wake up. They 
happen during non-REM 
deep sleep and usually occur 
after two or three hours of 
sleep. They are quite distinct 
from nightmares, which are 
horrible dreams that happen 
later in the night during REM 
sleep. Although they appear 
terribly distressed at the time, 
many children remember 
nothing about the event the 
following day. Adults 
occasionally have night 
terrors, but this is most often 
due to stress or alcohol. sB 


(OD ANDRE CHRISTIE, READING 


How many gigabytes is 
the human brain? 


E® THIS IS LIKE asking ‘How 
many things can you fit ina 
bucket?’. Although the human 
brain can be compared to a 
computer in some ways, the 
analogy breaks down when 
you consider specifics. Most of 
us can only remember half a 
dozen digits of the recurring 
number pi. That would take 
less than 34KB to store ona 
computer — less than 0.0001GB. 
But you can remember 
hundreds or thousands of 


Currently impossible: 
downloading Focus 
direct to your brain 


faces, and recognise them 
from any angle with different 
expressions, which might 
take a computer upwards 
of a terabyte (1,000GB) to do. 
Human brains are bad at 
remembering specific details, 
but exceptionally good at 
recognising patterns and 
trends. We have designed 
computers to do the things 
that we are bad at, so it’s a 
mistake to compare ourselves 
too closely to them. Lv 


\ 


It didn’t help with her night terrors when her parents insisted on 
the only lighting in her room coming from a Victorian oil lamp 
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How will aircraft be 
powered when there 
is no more oil? 


The Solar Impulse plane: could we one day be flying to get 
some sun, powered by the Sun? 


EY) THE HISTORIC FLIGHT of the Solar 
Impulse plane last year proved that power 
from the Sun might be able to drive aircraft 
in a post-oil world. The plane flew in several 
hops from San Francisco to New York. All 
the power came from an array of 12,000 
solar cells and lithium ion batteries that 
charged during the day and allowed the 
plane to keep airborne at night. In the short 
term, biofuels — fuel derived from living 
organisms — are likely to be the answer. GM 
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Would birds be able to 
fly on other planets? 


EL} WHILE THE BIRDS on other planets 
may not look much like those on Earth, if 
they exist at all, the laws of physics 
remain the same. They show there’s no 
reason why birds should not be able to 

fly - given the right combination of 

not too much weight and not too thin 

an atmosphere. RM 


Unfortunately there’s no reason why you wouldn't get 
bird droppings on you on another planet 
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Do music or 
acting genes 
run in families? 


EY THERE ARE NO such things as 
‘music genes’ or ‘acting genes’, only 
genes and combinations of genes that, 
in certain circumstances, contribute 
to these abilities. However, the traits of 
musical or acting ability do tend to run 
in families. The heritability of musical 
ability is about 50 per cent, meaning 
that around half the variation in ability 
is attributable to genetic differences. There 
are several genes known to be involved. 
There are also stories of musicians 
who were adopted early in life that only 
discovered later that their biological 
parents were musicians. The opposite - 
‘amusia’ or ‘tone deafness’ — affects about 
four per cent of the population, although 
watching The X Factor you'd think it was 
more. This too can be inherited. 


Musical genetic genius: the Jackson 5 
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Why doesnt fog freeze in 
Sub-zero temperatures? 


ES iT DOES, EVENTUALLY. But if the 
temperature is only a few degrees below 
0°C, the water droplets remain liquid. 
This is called supercooling and it occurs 
because ice crystals can’t form easily 
without a dust particle to act as a nucleus. It's nearly spring, hang in there! 

; t fall, it doesn’t pick a _ = 
through the air so it 
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NEXT MONTH Over 20 more 
of your questions answered 


For even more answers to the most puzzling 
) questions, see the Q&A archive at 
www.sciencefocus.com/qanda 
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Accompanies The 
Fantastical World 
Of Hormones, on 

BBC iPlayer 47 
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BIOCHEMISTRY 


Friendlier and more 
generous, or gloating 
and envious? New 
research is revealing 
how the hormone 
oxytocin makes you 
all of these and more, 
finds Clint Witchalls 


OU ONLY HAVE to think 
back to your teenage years to 
know how much of an effect 
hormones can have on you. 
These biological messengers 
carry instructions around 
your body, commanding you 
to eat, sleep, reproduce and more. In fact, 
their sphere of influence stretches far 
beyond our baser needs. In particular, 
one hormone’s uncanny ability to affect 
our judgement has drawn the attention 
of scientists in recent years: oxytocin. Yet 
just as scientists have learned to harness 
its positive effects, a darker side to the 
hormone has demolished conventional 
wisdom about emotions. 

For decades, the hormone was best 
known for assisting labour by causing 
uterine contractions. (Indeed, oxytocin 
is Greek for ‘quick birth’). But today, the 
ring-shaped molecule is implicated in 
everything from orgasms to xenophobia. 

“Almost every month there is anew 


paper on oxytocin with exciting >) 
findings,” says Dr Carsten De Dreu, 
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>) an oxytocin researcher and 
professor of psychology at the 
University of Amsterdam. “In the past 
three years, it’s really exploded.” 
Arguably, the experiment that kicked 

it all off was one conducted by Dr Cort 
Pedersen at the University of North 
Carolina at Chapel Hill in the late 1970s. 
Dr Pedersen wanted to know where the 
mothering instinct in female rats came 
from. Put a pup near a virgin female rat 
and she’ll ignore it, bury it alive or eat it. 
But something happens in the rodent’s 
brain during pregnancy or labour that 
transforms her from an infanticidal 
maniac to a nurturing mum. 

It was well known at that time that 
the endocrine system releases floods of 
oxytocin into the bloodstream during 
labour. The molecule then latches onto 
the oxytocin receptors in the uterus and 
causes contractions. But Dr Pedersen 
wondered if oxytocin might also be doing 
something in the brain. So he injected the 
hormone into the brains of virgin female 
rats. This time, instead of killing pups 
placed near them, they began to nurture 
them. Dr Pedersen had shown, for the 
first time, that oxytocin plays a role in 
the brain and that the role has something 
to do with the nurturing instinct. 

Subsequent experiments, involving 
sheep, prairie voles and humans showed 
that oxytocin, in addition to being a 
nurturing hormone, is also involved in 
social bonding, co-operation, trust and 
altruism. More recently, neuroeconomist 
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SCIENTISTS IN GERMANY have discovered 
that oxytocin can boost the placebo effect. 
Researchers at the University of Hamburg 
took 80 male volunteers and applied 
identical, inert creams to two sides of the 


participant's forearm. The volunteer was told 


that the cream on one side of his forearm 
was a powerful painkiller, like lidocaine, and 
on the other side an inert control cream. Of 
course, in reality, both sides were treated 
with inert control creams. 


Pain was then applied, in the form of heat, 


to both sites on the forearm using a device 
called a thermode. “What typically happens 
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“Every month there 
is anew paper 

on oxytocin with 
exciting findings. 

In the past three 
years, it’s exploded” 


Dr Carsten De Dreu, a professor of psychology 
at the University of Amsterdam 


iF” Lif | 


and oxytocin researcher Paul Zak, even 
went as far as describing the hormone 
as ‘the moral molecule’ after his 
experiments found that a dose of the 
stuff made people more trusting with 
their money. 

The experimental floodgates really 
opened with the arrival of brain imaging 
technology, particularly functional 
magnetic resonance imaging (fMRI), and 
gene sequencing. Dr De Dreu also puts 
the recent surge in research activity down 
to a trend to use biology to understand 
human behaviour. 


MEDICAL TREATMENT? 


A hot area of research right now is 
oxytocin and autism spectrum disorder 
(ASD). ASD is a developmental disorder 
that affects about one in 100 people. 


is that, at the side where you 

tell the participant that this will be the 
lidocaine, they experience reduced 

pain,” says Ulrike Bingel, one of the 
researchers. “And we did this for every 
subject, but in 50 per cent of the subjects 
we applied oxytocin intranasally [via nasal 
spray] half an hour before the procedure 
was performed. The other 50 per cent 
received a saline spray via the same device.” 


In this experiment at the University 

of Zurich, couples who took oxytocin 
via a nasal spray were shown to have 
increased empathy towards each other 


Some of the features of the disorder 
are social difficulties, problems with 
communication and a lack of empathy. 

According to Dr Larry Young, chief 
of the Yerkes Division of Behavioural 
Neuroscience and Psychiatric Disorders 
at Emory University, Atlanta, oxytocin 
seems to play a role in the processing 
of social information. This is a key skill 
that people with autism struggle with. 
“People with ASD tend not to look at 
the eyes. They tend not to be able to 
read emotions,” he says. 

Some studies have shown that 
people with autism have reduced 
levels of oxytocin, and other studies 


Oxytocin has the 
ability to enhance the 
effect of a placebo cream 


The researchers found that 
volunteers who received oxytocin 
experienced stronger pain reduction at 
the site where they expected the lidocaine to 
be, compared with those who received 
a saline spray. 

“The next step will be to figure out exactly 
how oxytocin enhances the placebo pain 
relief and how we can exploit this clinically,” 
says Dr Bingel. 


have found differences in the genes 
related to oxytocin. A number of trials 
are now underway to see if boosting 
oxytocin in people with ASD might 
improve some aspects of their social 
functioning (see ‘An autism cure?’, right). 

Dr Young’s earlier work with prairie 
voles revealed how oxytocin is involved 
in linking social encounters with the 
reward centres of the brain. Not only 
does oxytocin make social situations 
pleasurable, it makes the brain pay 
attention to the ‘fine details’ of the 
person they are interacting with. 

Researchers reason that if people 
with autism are given oxytocin, perhaps 
it will make social situations more 
rewarding for them. “Over time, it may 
improve how they interact with others 
and how well they can read emotions,” 
says Dr Young. 


FACE BLINDNESS 


An important part of bonding with other 
human beings involves paying attention 
to the fine details, including the details of 
a person’s face. Recognising faces is one 
thing people can do much better than 
computers and the study of oxytocin is 
now shedding light on a rare condition 
called prosopagnosia. People with this 
condition can’t remember faces. They 
can’t recognise their partner’s face, their 
children’s faces, and even their own face. 
It’s socially debilitating, to put it mildly. 
Dr Young discovered that if you 
disrupted the oxytocin receptor in mice 
they can no longer recognise other mice 
they previously encountered. But mice 
recognise each other through smell, 
not sight. Dr Young and his colleague at 


University College London, Professor >) v - << oe » 
David Skuse, wondered if the oxytocin a = Ma 


AREAS OF INCREASED ACTIVITY 
Making social judgements 


© Making non-social 
judgements 


Medial prefrontal cortex 
(decision-making and 
social judgement) 


Cingulate cortex 
(cognitive and 
emotional behaviour) 
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PLACEBO 


Precuneus 
(memory and 
consciousness) 


OXYTOCIN- 
AFFECTED BRAIN 
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PEOPLE WITH AUTISM spectrum disorder 
(ASD) suffer from impaired social abilities, 
and the hormone oxytocin has been 
mooted as a means to improve their 
interactions. A large-scale study by the 
Yale School of Medicine has shown that 
oxytocin increases the brain function of 
children with autism. 

To find out if the hormone would have 
any beneficial effects, the team gave 


a dose of oxytocin in a nasal spray to 
children and adolescents with ASD. An 
MRI scanner was then used to see how 
the hormone affected their brains when 
looking at human eyes and vehicles 

- a social and non-social judgement 
respectively. Placebos were also given to 
act as a control. The scientists found that 
oxytocin increased activity in areas of the 
brain that deal with social information. 
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>) receptor gene also played a role in 


face recognition, so they enrolled 
198 families from the UK and Finland 
to take part in a face-recognition study. 
Each family had one child with autism, 
a condition that, like prosopagnosia, 
involves difficulty understanding faces. 
The researchers found that a small 


difference in the oxytocin receptor gene 


~ whether in the parents, the child with 
autism or the siblings without autism - 


had a significant impact on their ability to 
recognise faces. And this small difference 
in the oxytocin receptor gene is found in 
about one-third of the general population. 


The figures so astounded Professor 
Skuse that at first he thought it must be 


a chance finding, so he ran the numbers, 


carefully correcting for false positive 
results. But the figures were correct. 


The findings suggest that oxytocin plays 


an important role in social information 
processing and might even suggest new 
avenues for developing treatments for 
people who are ‘face blind’. 


TOO MUCH OF A GOOD THING? 


The evidence for oxytocin’s role in 
making us social creatures is building 
day by day, but the solution to reversing 
social deficits in people with autism, 
schizophrenia, social phobia or 
depression might not be as clear cut as 
spritzing oxytocin mist up their noses. 
The reason is that you might become 
desensitized to its effects. 


Dr Larry Young with a prairie 
vole, an animal that has 
revealed how oxytocin links 
social interactions with 
reward centres in the brain 


EN 4 


A paper published by Karen Bales, 
a professor in biological psychiatry at 
the University of California, Davis, 
showed that if you give male prairie 
voles low or medium doses of oxytocin 
every day for an extended period of 
time, it decreases their ability to form 
pair bonds with their mates later in life. 
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A cross-section of a blood vessel in the brain (black) is surrounded by glial cells (green), which provide structure 
for the neurones (red). The vessel is lined with endothelial cells that form the blood-brain barrier 
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Prairie voles are known for their 
life-long monogamy. 

Professor Bales thinks that 
this effect could be due to ‘down- 
regulation of the oxytocin receptors’ 
or because the vole’s brain simply 
stops producing as much oxytocin 
as it should. 


1044 


NOBODY KNOWS IF oxytocin taken via a 


nasal spray actually reaches the brain. 
The blood-brain barrier, a layer of cells 
that stops harmful substances getting into 
the brain, may prevent it from entering. 
“The big question is: are the effects of 
intranasal oxytocin actually due to the 
effects of it acting in the brain, or is it 
peripheral effects?” asks Dr Larry Young. 
There are many organs that are rich in 
oxytocin receptors, including the heart, 
kidneys and the womb. “Oxytocin could 
be acting in the body and then indirectly 
affecting the brain,” ponders Dr Young. 


IT IS ILLEGAL to sell oxytocin in the UK 
without a prescription, but that hasn't 
stopped unscrupulous vendors selling 


bottles of liquid that claim to be oxytocin. 
The blurb for the fake oxytocin usually 
mentions the product's ability to attract 
mates and enhance sexual desire. 

A product called OXYTOCIN, made by 
Maxam Nutraceutics, doesn't contain 
oxytocin but ‘a proprietary blend of amino 
acids’. A different product, sold by HBC 
Protocols, is a homeopathic ‘oxytocin 
accelerator’. Neither is cheap. 

Ordering over the internet is a 
waste of money, but there are stories 
of parents of children with autism 
obtaining legitimate prescriptions for 
the drug from their family doctor. 


However, Dr Young is sceptical. 
“We know that when you engage 
with your child or hug your child you 
stimulate oxytocin release,” he says. 
“T don’t think that if you hug and engage 
with your child every day that you’re 
causing deficits.” 

Even if Dr Young is right, there may 
be problems carrying out future work. 
New research, conducted by the Institute 
of Neuroscience, Chinese Academy 
of Sciences, and published in Nature 
Neuroscience, found that oxytocin 
doesn’t just act in the brain (as a 
neurotransmitter). It acts on the 
brain. It’s involved in the development 
of an area called the sensory cortex. 
“Administering any treatment 
that might affect the development of 
children needs to be handled with 
extreme caution, because if development 
goes awry, the consequences can be 
very far reaching,” says Xiang Yu, one 
of the authors of the paper. 

Recent research has also revealed that 
oxytocin has a dark side. Dr De Dreu 
found that oxytocin seems to promote 
ethnocentrism. He conducted five 
experiments with Dutch students who 
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Buyer beware: bottles labelled with the name oxytocin are sold online, but taking the hormone could be dangerous 


However, given that the only preparation 
of oxytocin that has been given a licence 
in the UK is Syntometrine - an intravenous 
form of the drug - it seems unlikely that 
these stories are true. According to the 
Royal Pharmaceutical Society, intranasal 
oxytocin products have yet to receive 
marketing authorisation in the UK. 


took either oxytocin or a placebo (they 
didn’t know which). In one experiment, 
the students were shown a pair of words 
on a computer screen. One word had 
either positive or negative connotations, 


“1 don’t think that 

if you hug and 
engage with your 
child every day 
that you’re causing 
[oxytocin] deficits” 


Dr Larry Young, Emory University, Atlanta 


and the other word was a Dutch, German 
or Arab name. To the students, Dutch 
people would be part of their ‘in-group’, 
but Germans and Arabs would be part of 
the ‘out-group’. 

The researchers measured the speed 
at which the key was pressed. When the 


But even if you are able to purchase 
legitimate oxytocin, Dr Carsten De Dreu 
says you should be very cautious. 
“Scientists have no idea about the 
long-term effects of repeated usage,” 
he says. “So if you give it to your child 
on a regular basis, you may introduce 
adverse long-term effects.” 
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students were given oxytocin, they were 
much faster (compared with those given 
a placebo) at assigning a positive word to 
their in-group than to the out-group. With 
out-group name, though, oxytocin had 
little effect. It didn’t make people slower 
or faster. There was only limited evidence 
that students had a negative reaction to 
the out group. But still, nepotism and 
favouritism aren’t exactly behaviours we 
should be encouraging. 

Other studies have found that oxytocin 
increases emotions such as gloating, envy 
and taking pleasure from other people’s 
misfortune. Oxytocin doesn’t just affect 
how you treat others, it can worsen your 
own mood too. A recent study published 
in the journal Emotion, involving healthy 
young adults, found that oxytocin makes 
people emotionally over-sensitive. 

If anyone was thinking that it might 
be a good idea to pump oxytocin vapour 
through the air vents at the UN General 
Assembly, they’d better think again. @ 
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CLINT WITCHALLS is a health and science 
writer and the author of How Cool Stuff Works 
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BODY SCIENCE 


Your guide to the latest advancements In body & fitness science 


VITABIOTICS 
NEUROZAN PLUS 


Vitabiotics Neurozan Plus provides daily support, with specific 
nutrients to helo maintain brain and cognitive function. It 
includes pantothenic acid which contributes to normal mental 
performance, along with vitamins B12, B6, thiamin Cvit BD, folic 
acid and magnesium which contribute to normal cognitive 
function. An additional omega-3 capsule includes DHA‘, 


which contributes to the maintenance of normal brain function. 


Vitabiotics Neurozan Plus, £18.35, available from Boots, 
independent pharmacies and health food stores, and online at 


m7 Neurozan 
2 ~~ plus 


www.neurozan.com 


VITABIOTICS 


SCIENCE OF HEALTHY LIVING Amine 


plus 


ZENSORIUM 


Tinké, an innovative sensory device for managing personal 
fitness and weliness uses optical sensing technologies to 
quantify fitness and relaxation levels for easy understanding 
and comparison. Unlike other devices that only measure heart 
rate, Tinké monitors four key health parameters: heart rate, 
respiratory rate, blood oxygen levels and heart rate variability. 
By placing a fingertip on the sensing platform, Tinké measures 
and quantifies all four parameters within seconds. The first 


level, establish a close relationship for measuring cardio- 
respiratory fitness. The fourth parameter, heart rate variability, 
caters to the assessment of an individual’s autonomic nervous 


understanding the functions of their bodies better, Tinké users 
can take steps towards improving their fitness and wellness. 


www.zensorium.com/tinke 
contact@zensorium.com 


three parameters, heart rate, respiratory rate and blood oxygen 


system, detecting levels of stress for wellness management. By 
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MAMMOTH MATTRESS 
A MATTRESS PROVEN TO ENHANCE SLEEP 


Tested by sleep expert, Dr Jason Ellis, the Mammoth mattress 
has actually been proven to give you a great night’s sleep. Its 
luxurious materials and medical technologies are supported 
by The Chiropractic Patient’s Association, and make it ideal for 
anyone with back pain, sleep problems, or who simply values 
deep restorative sleep. This mattress really is that good! 


visit www.mammothmattress.com to locate your nearest 
stockist 
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JARVIS 


THE VIRTUAL ASSISTANT 
Intel.com, price TBC 


HEY’RE A STAPLE of science 
fiction: super-smart, 
disembodied virtual assistants 
that cater to the hero’s every 
whim. Depending on the story, 
a computer with this kind of 
intelligence behaves one of two 
ways: either it’s subservient 
and helpful like Tony Stark’s J.A.RV.LS 
in Iron Man, or it develops a penchant 
for subterfuge and murder like HAL 
9000 in Space Odyssey. Of course, Intel 
hopes its new assistant Jarvis, which is 
housed in the earpiece pictured, will be 
more like its namesake. But Intel’s 
biggest hurdle will just be to get it to 
understand natural speech. 


SIRI SUCCESSOR 


So far digital assistants, such as Siri for 
iPhone and EVA for Android, need to be 
spoken to like someone who’s just fallen 
off their bike: slowly and with lots of 
repetition. When they do understand 
what you’re saying, your request is sent 
to the cloud, or in other words, sent 
over the internet to remote servers. 
This means that the second the phone 
loses its web connection, Siri becomes 
as talkative as a Trappist monk. Any 
question you may have about the 
weather is rebuffed with a blunt “I’m 
not connected to the internet”. This is 
where Intel wants to change things. (>) 


———— — 
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Device security 
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Domestic robots 
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> The idea is to pull the assistant’s brains 
out of the cloud and onto a device - 
specifically, an earpiece. To do this Intel 
will need to squeeze the hardware and 
software required to understand your 
words into something no bigger than a 
matchbox. It’s a big ask, especially since 
the company has so far struggled to crack 
the mobile phone and tablet markets. 

“As well as the power you’d need for 
speech recognition, there’d have to be 
somewhere to store information while 
the device learns your voice,” says 
Matthew Aylett, an AI researcher at the 
University of Edinburgh and Chief 
Scientific Officer at CereProc, a company 
that synthesizes speech for computer 
systems. “But you can do some smart 
things if you can combine online and 
offline capabilities intelligently, like 
having it save the data about your 
speech in the cloud, and then update 
the device’s speech recognition when 
you’re connected.” 

According to Aylett, if Intel’s ambitious 
system is successful it could outstretch 
the abilities of the current generation of 
digital assistants by some distance. Jarvis, 
it’s hoped, will understand context. “Siri 
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doesn’t really have a dialogue with you at 
the moment. When you ask it a follow-up 
question, it doesn’t hold on to the context 
provided by the previous question,” Aylett 
points out. This means that, despite Siri’s 
best intentions, you’re never really 
engaged in an actual conversation. 

“Intel’s objective will be to do more 
with social signal processing. This will 
help it master context. For example if 
Jarvis hears that you’re having a romantic 
chat, it will think better of reminding you 
to buy more toilet roll at that particular 
moment in time,” says Aylett. 

Of course, a Jarvis bestowed with this 
kind of social awareness will have to be 
always listening, a thought that won’t sit 
well with everyone. But the pay-off would 
be a virtual assistant that could finally 
compete with those on the silver screen. 
And if not Jarvis, it seems as though some 
other virtual butler will be coming to your 
aid soon: Google, Apple and Amazon have 
all recently invested huge sums to be the 
first to create you a new virtual friend. 


a 
DANIEL BENNETT is reviews editor of 
BBC Focus Magazine 


WHAT'S HOT 
ELECTRIC CARS 


Electric and hybrid vehicles 
will account for seven per 
cent of global car sales by 
2020, according to market 
analysts Pike Research. 
That means there'll be some 
eight million electric vehicles 
driving on the world’s roads 
- and with new models like 
the Renault Zoe and Fiat 
500¢ arriving this year, we 
can see why. Both models 
have a range of just under 
160km, making them the 
ideal city runabouts. Now 


might be the 
wat PN 


right time to 


kick the oe 
petrol habit. Ce 


WHAT'S HOT 
FACEBOOK (3 


Facebook a 
recently turned ie i] 
10,butaflood ‘i 
of new research suggests it 
might not make it to 20. One 
study suggested its user 
base would drop by 80 per 
cent in the next three years. 
While it’s unlikely fallout will 
be quite that dramatic, the 
social network has started 
‘o show some cracks. Ever- 
decreasing privacy and fads 
ike the Neknominate craze 
are among the reasons 
cited for 11 million teens 
leaving the site since 2011. 


READER POLL 


How would you like your next car 
to be powered? 
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THE NEXT BIG THING 
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WHO ARE YOU? 


wo-factor 
authentication has 
been available on 
Google, Twitter and 
Dropbox accounts for ages. 
Like millions of others, I’ve 
made my online life safer 
by combining ‘something 
I know’ (my password) 
with ‘something I have’ 
(an app on my phone). 
Now, iPhone 5S owners 
are being encouraged to 
add ‘something I am’ to 
that list, by registering their 
fingerprints and using the 
TouchID system to unlock 
the phone and authorise 
purchases. It may not be 
a perfect system, and 
more playful users have 
discovered that you can 
use your nipple, a cat’s 
paw or other types of skin 
instead of your finger, but 
it could mark the start of 
wider acceptance of using 
a ‘biometric’ (physical 
characteristic) to replace 
passwords. 

Biometric technology 
has been around for years, 
and is common in military, 
business and government 
settings. You may have 
used the facial recognition 
‘e-passport’ gates at UK 
airports, and iris scanning 
and voice recognition 
systems are also common. 
But now there’s a move 
to build biometric 
authentication into more 
devices and services. This 
is partly because more 
people are carrying 
powerful, sensor-equipped 
computers (smartphones) 
around with them, and 
partly because the stolen 
password problem has 
become so severe. 

Replacing passwords 
makes sense, but biometrics 


Pa 
> gene 


_o_ 


have their own issues and 
face two fundamental 


problems. First, what’s 
being measured is 
changeable - your voice 
shifts, your fingers get 
burned, your irises can 

be affected by tiredness. 
Measurement is therefore 
error-prone, and false 
negatives will always be 
an issue. Second, if your 
password is hacked you 
can get a new one, but you 
can’t get a new iris. So 
systems will need to allow 
for multiple modes of 
authentication. 

This is where the work 
of the FIDO Alliance comes 
in. FIDO, short for Fast 
Identity Online, brings 
together the likes of 
Google, Paypal and 
Mastercard, who all have 
a deep need for reliable 


authentication. And FIDO 
has come up witha 
Universal Authentication 
Framework that links all 
the components of a 
security system and allows 
users to choose which 
method of identity 
verification they trust. 

Sounds complex? It is. 
But one of the failings of 
online services is that in the 
rush for user numbers, 
they’ve chosen ease of use 
over security. We need to 
accept that if we want our 
lives to be secure then we 
have to put some effort into 
making things safer. 


BILL 
THOMPSON 
contributes to 
news.bbc.co.uk 
and the BBC 
World Service 


NEPTUNE PINE 


This smart watch’s GPS, == 
heart-rate monitor and —— 


pedometer make it ideal for wee! AS 
tracking your fitness, while the —~ / —y 
2.4-inch touchscreen, fast 4 


processor and 32GB storage mean it's 
great with multimedia. Neptunepine.com 


+ Apple TV 

Rumours suggest that the company is 
working with national TV companies to allow 
viewers to watch live broadcast TV as well 
as content on-demand. Apple.com 


+LGGPro2 

This supersized new phone will feature 
some super smart new tech. Its camera will 
let you refocus pictures after they've been 
taken and it'll let you tap out a beat on the 
screen in order to unlock the phone. LG.com 


> 6G MONTHS ~ 
EPSON 
MOVERIO BT-200 


Epson plans to launch a rival to Google 
Glass this summer. The Moverio uses dual 
projectors to create images on each lens, 
making video and text easier to read than 
Google’s smaller screen. Epson.co.uk 


+ Netatmo June 

This smart bracelet will monitor how much 
sun you're getting, what kind of sunscreen 
you ought to be wearing and when you 
might be risking your health. Netatmo.com 


+ Tile 

This tiny tag helps you keep track of all your 
things. Simply attach one to your keys, for 
example, and the Tile app will tell you where 
you left them. Thetileapp.com 


> 9 MONTHS © 
OCULUS RIFT 


This VR headset is so 
realistic it’s being used by 
researchers treating severe 
phobias. The company says its consumer 

version will be out late in 2013. Oculusvr.com 


+ Apple iPhone 6 plus smart watch? 
Apple's next smartphone is due in October. 
But if rumours are to be believed, the time is 
right for the company to launch another new 
product altogether, which many analysts 
suggest will be a smart watch. Apple.com 


+ Anki Drive 

These little remote controlled cars are loaded 
with artificial intelligence systems that learn 
as they race you and each other. The more 
races you win, the more virtual weapons you 
can arm your car with. Anki.com 
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A JUST LANDED: FORD UDA 


THE CAR TRAT PARKS ITSELF 


Daniel Bennett takes to the cobbled streets of Bristol to put 


What is it? 

This is arguably Ford’s smartest 
car to date. In fact, it’s one of 
the most intelligent cars on 
British roads at the moment. As 
well as being able to park itself, 
the Kuga can spot traffic signs 
to remind you of the speed limit, 
match the speed of the car in 
front, automatically stop if you 
don’t spot a potential collision 
and much more. On top of that 
it’s loaded with Ford Sync, a 
system that integrates your 
smartphone and your car with 
the minimum of fuss. 


Does it really work? 

Yes. I can safely say, after two 
weeks of rigorous testing on 
Bristol’s unforgiving streets, 
that this rather overweight 
motor squeezes into the tightest 


Leap of faith: the moment of truth 


of spots in a jiffy. I really tried to 
foil the Kuga, but even on the 
roads surrounding Bristol’s 
famous Clifton Suspension 
Bridge —- where the tarmac often 
slopes off in different directions 
— it performed all the necessary 
calculations to park safely. 

Technically speaking, the car 
doesn’t actually park itself. A 
driver still needs to be behind 
the wheel operating the pedals, 
but all the steering input is 
performed robotically. It’s 
actually quite unsettling to see 
the steering wheel whirring to 
the left and right the first few 
times it takes over. 

Once I’d stopped myself 
nervously snatching at the 
steering wheel, though, I 
quickly came to depend on the 
system every time I spied a 


when the steering wheel takes over 
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Ford’s new automated parking system through its paces 


Looks aren’t everything: it’s the technology inside the rather plain Kuga that counts 


space at the side of the road. 
I simply couldn’t match the 
Kuga’s speed or efficiency. 


How does it work? 
Pushing the car’s automated 
parking button tells the Kuga 


to look for a space - it only 
works with parallel parking. It 
then uses ultrasonic sensors to 
draw up a picture of the side of 
the road, analysing the data for 
a space the size and shape of 
the car. Once it’s picked a spot 


The automated parking system is designed for parallel parking only: on the roof of the multi-storey you're on your own 


EXI3 EFH 


A rear-mounted camera helps avoid collisions 


Press the automated parking button and the Kuga will use its sensors to look for a space... 


the central console tells you to 
stop the car and put it into 
reverse. Then, with a huge 
leap of faith, you’re instructed 
to release the steering wheel 
and drive backwards. 

In the distant future, letting 
the robot take the wheel will 
probably count as a landmark 
moment in the history of 
human-robot relations, but 
for now it’s just unnerving. 
Nevertheless, as you reverse 
you're given a front row seat 


via the car’s rear-facing video 
camera. Get too close to the car 
behind and the vehicle beeps 
ferociously and tells you to pull 
forward while it straightens out 
the wheels for you. 


Should I buy one? 

The Kuga itself isn’t, it must be 
said, particularly interesting as 
cars go. It’s big and comfortable 
and it has a very fuel-efficient 
engine, but that’s about as much 
as you can say about it. It’s the 


technology inside the Kuga 
that really gets us excited. 
The motoring enthusiasts 
among you will know that a 
handful of luxury cars on the 
road can already park 
themselves, including models 
by Volvo, Lexus and BMW. 
But those cars have price tags 
far out of reach of the average 
driver. The new Ford Kuga 
and Focus models, on the 
other hand, represent the first 
incarnation of automated 


..then take over the steering while you're relegated to the role of pedal pusher 


motoring that’s within the 
grasp of the public at large. 

Technology like this is 
where the future of motoring 
lies, and if you want to get 
onboard early perhaps this is 
the car to get you started. 


Ford Kuga 
Ford.co.uk/kuga, from £20,995 


) — ____— __ _— __— ____ 
DANIEL BENNETT is the reviews 
editor of BBC Focus magazine 
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hen my old friend Richard 

Faulkner invited me to a din- 

ner party at his house, I little 

thought it would be the direct 
means of doubling my salary in less than two 
years. Yet it was, and here is the way it all 
came about. 

Towards the end of the evening things 
began to drag a bit as they often do at 
parties. Finally someone suggested the old 
idea of having everyone do a ‘party-piece’. 

Finally it came to Peter Brown’s turn. He 
said he had a simple ‘trick’ which he hoped 
we would like. First he asked to be 
blindfolded. Those present were to call 
out 25 random numbers of three figures 
each and he asked me to list the numbers in 
order as they were called. 

Peter then astounded everyone by 
repeating the entire list of 25 numbers 
backwards and forwards. Then he asked 
people to request numbers by their position 
in the list. Instantly he repeated back the 
correct number in the positions called. He 
did this with the entire list without making 
a single mistake. 


FREE INFORMATION PACK AND 
BOOKLET AVAILABLE 


For your copy visit our website at 


www.youcanremember.com 
or call us with your details on 
0800 298 7070 quoting Focus Magazine 


A Startling 
Memory Feat That 


You Can Do 


“‘How I learned the secret in one 
evening. It has helped me every day.” 


“There was really 
nothing to it - simply a 
memory feat” 


On the way home that evening I asked 
Peter Brown how it was done. He said there 
was really nothing to it — simply a memory 
feat. Anyone could develop a good memory, 
he said, by following a few simple rules. And 
then he told me exactly how to do it. 

What Peter said I took to heart. In one 
evening I made remarkable strides towards 
improving my memory. In just a few days I 
learned to do exactly what he had done. 


“1 can instantly 
recall anything | want 
to remember” 


No longer do I suffer the frustration of 
meeting people I know and not being able to 
recall their names. The moment I see 
someone I have met before a name leaps 
into my mind. Now I find it easy to recall 
everything I read. I can now master a 
subject in considerably less time than 


Memory and Concentration Studies 
Freepost FOM14T, Stockport, Cheshire SK6 6YA. 


Email: FOM14E @youcanremember.com 
Please include your full name and postal address 


before. Price lists, reports, quotations, data 
of all kinds. I can recall in detail almost at 
will. 

What Peter told me that eventful evening 
was this: “Send for details of Dr. Bruno 
Furst’s Memory Course.” I did. That was 
my first step in learning to do all the 
remarkable things I have told you about. In 
fact, I was so impressed that I got 
permission to publish Dr. Furst’s Course 
myself. 


“Dramatic Improvement” 


“T used to be laughed at in the office 
here about my poor memory and I 
must admit with a lot of truth. Since 
I started your Course my memory 
has improved out of all recognition!” 
Mr. J.W. Sullivan, London S.W.2. 


My advice to you now is don’t wait 
another minute. Full details of Dr. Furst’s 
remarkable Course are available free on 
request. You could be amazed how a 
powerful memory can improve your life - 
send for full details TODAY! 


BOB HEAP 


I Please send me your FREE Memory information pack and booklet. I 


1 LIFE IN 
SLOW MOTION 


It may look chunky, but 
the Edgertronic camera 
is no slouch: it can 
capture images at up to 
18,000 frames per 
second. At this rate you 
can slow playback 
down enough to see the 
individual blades of a 
helicopter turning, or 
the rubber of a balloon 
peeling back as it 
bursts. This kind of kit 
used to cost around 
£20,000, but stripping 
the tech down to the 
basics has made it 
relatively affordable. 
Edgertronic 
Edgertronic.com, $5,495 
(£3,342) plus P&P 


HELP ME, 
2 OBI-WAN 


Looking like R2-D2's 
younger, less talented 
brother, this robot 
pootles around your 
house projecting 
movies and playing 
music wherever you 
need it. It's remotely 
controlled from your 
smartphone and has its 
own video camera, so 
you can use it to check 
in on your home when 
youre out. Sadly, 
though, it doesn’t ship 
with a camp, golden 
companion robot that 
can help out with the 
household chores. 


Keecker 
Keecker.com, price TBC 


THE LIFE 
3 AQUATIC 


If the UK's current run 

of terrible weather 
continues, it might be 
worth investing in one 
of these: a full-face 
snorkel. By isolating the 
nose and mouth, the 
Easybreath mask lets 
you breathe as naturally 
as you would on land 
without fogging up the 
inside of the glass. The 
mask curves all the way 
around your face, too, 
providing you with 180 
degrees of unobstructed 
vision underwater. 
Tribord Easybreath 
Tribord.com (available 
from Decathlon stores in 
UK), €39.95 (£33) 


4 WE ARE 
ANONYMOUS 


Every time you visit a 
website it logs your IP 
address, which can be 
used to work out where 
you live and track your 
online activity. It's 
invasive, but almost 
unavoidable. Now, 
though, there's a 
convenient solution. 
SafePlug simply plugs 
into your router and 
gives you complete 
anonymity by using TOR 
technology to encrypt 
your data and bounce it 
around several networks 
before visiting a site. 
SafePlug 
Pogoplug.com/Safeplug, 
$49 (£29) plus P&P 


APPLIANCES OF SCIENCE 


5 BETWEEN 
THE LINES 


This notepad connects 
the physical world to 
the digital one. You take 
notes on it as usual, 
then take a photo of 
them on a smartphone. 
The Whitelines app will 
then detect the special 
lines on the paper and 
use them to transform 
your photo into a flat 
document or image - 
regardless of the angle 
you took the picture 
from. You can also tick 
a box on the paper to 
set it to automatically 
share to social media. 
Whitelines Link 
Whitelines.se, 69 Kr (£7) 
plus P&P 


Tech Hub 


ON YOUR 
6 TRIKE 


This battery-powered, 
commuter-friendly 
tricycle looks like it’s 
made out of Meccano, 
but the holes are really 
there to save on weight. 
Despite the Swiss 
cheese design it's still 
strong thanks to its 
aircraft-grade 
aluminium frame, while 
weighing just 13kg in 
total. It has a top speed 
of 24km/h (15mph) and 
will take you 32km (20 
miles) on one charge. 
There's even a clasp for 
attaching a backpack. 
URB-E 

Urb-e.com, $1,799 
(£1,094) plus P&P 
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TOP 10s 


earth « human evolution « space « technology 
animals « science « history * human planet 


The Earth is an amazing place: compare = Journey to the final frontier, from the 
its longest rivers and highest mountains brightest stars to the biggest moons 


4) ORDER TODAY AT 


www.buysubscriptions.com/FOCUS10 


@) Or call our order 


What are the deadliest animals? 
How high are the tallest skyscrapers? 
Which inventors were killed by their 
own creations? 


From the biggest and highest to the 
strongest and hottest, the extremes of 
life as we know it are revealed by The Big 
Book Of Top 10s. 


This by 

the makers of 

explores science, technology, space, the 
animal world, evolution, history and more 
to explain how our planet works. 


THE IO MIGGEST 
KXOPLANETS. 
IN THE UNIVERSE 


that have left their mark on the f since ‘ 


hotline (344 844 025/ 


Calls to this number from a BT landline will cost no more than 5p per minute. Calls from mobiles and other providers may vary. Lines are open 


8am-8pm weekdays & 9am-1pm Saturday. 


*UK subscribers to BBC Focus Magazine receive FREE P&P on this special edition. Prices including postage are: £9.49 for all other UK residents, 
£10.99 for Europe and £11.49 for the rest of the world. All orders subject to availability. Please allow up to 21 days for delivery. 
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HULK 


Can robots really take 
on the spring-cleaning 
duties? Joe Svetlik enlists 
some mechanical help 


= 
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From left to right: 


Samsung NaviBot CornerClean 


£450, samsung.com 


iRobot Braava 380 
_ £259.99, irobot.com 


Thi: 


D, neatorobotics.com 


EFORE | PLUG in the 
vacuum and break out 
the duster, | like to wait 
until my flat really needs 
it. It's not that I'm lazy, | just take 
an economical approach to 
cleaning. My easy-going nature 
means I'm happy living among 


takeaway packets and beer cans. 


Okay, maybe | am a little lazy. 

So, with spring around the 
corner, it seemed that | was due 
another big clean and it only 
seemed right that | let some 
robots do the dirty work. First 
up was the Samsung NaviBot 
CornerClean, a robot vacuum 
that is, as the name suggests, 
made especially to tackle corners 
with two spindly arms whirring 
away to get into those hard-to- 
reach places. The arms did a 
good job, picking up all manner of 


WHAT WE TESTED 


Robotics XV Signature Pro 


God-knows-what, but its suction 
isn’t fantastic. Bits of fluff tended 
to collect around the edge of my 
rug, so | had to sweep them up 
myself. The robot is about the size 
of a manhole cover, so it's not 
that manoeuvrable either. It got 
stuck on a chair leg a couple of 
times and decided to give up the 
ghost right there and then. It also 
tended to ram into things, so don't 
leave any Ming vases balanced 
precariously on pedestals. Overall, 
it's a bit of a disappointment. 

| then fired up another robot 
vacuum, the Neato Robotics 
XV Signature Pro. As it powered 
up it sounded like a Cessna 
aeroplane taking off - not quite the 
relaxing experience I'd envisioned. 
It's especially loud on hard floor 
and on a rug it still drowns out 
the radio. It's big and ugly too, 


and you have to open it up to 
access the power switch. But the 
performance justifies the noise, 
as its suction is much better 

than the Samsung's. Its hydraulic 
undercarriage also dealt much 
better with hazards in its path, 
but it still couldn't find its own way 
out of the room. On the downside, 
the dust box isn't big, so it doesn't 
take long to fill up. But if you can 
put up with the noise, this is the 
better of the two robo-vacuums. 


ROBOMOP 

With the dust cleared, the floors 
needed a mopping, so | enlisted 
the iRobot Braava 380. This 
little guy is about the size of a 
cereal box. You set up a GPS unit 
in the centre of the room, and the 
Braava connects to it wirelessly 


iRobot Looj 330 
£249.99, irobot.com 


and works out the floor plan. It 
has two modes: sweep and mop. 
You fit the relevant cloth to the 
bottom - which is a doddle - and 
set it going. For the best results, 
use ‘sweep’ to collect the loose 
fluff and dirt, then switch to ‘mop’ 
to clean your floor. 

Fill it with water and it'll keep 
dispensing it in mop mode, 
ensuring the cloth doesn't dry 
up. With just three buttons, it's 
acinch to use. However, it will 
only work on hard floors, so don't 
bother if you have carpets. It also 
couldn't deal with the small lips in 
my doorways; | had to move it to 
a different room myself. It does 
bump into things, though not quite 
as enthusiastically as some of the 
others. It runs very quietly, cleans 
well, and even navigated its way 
around a clothes horse, which 


98 / FOCUS / APRIL 2014 


Ecovacs Winbot Series 7 
£242, ecovacs.com 


was impressive. It's a must for 
anyone with hard floors. 

Up next were the windows. The 
Ecovacs Winbot Series 7 is 
also a bit noisy, but | can forgive 
it that, considering it needs to 
generate enough suction to stick 
to your window and climb around 
like Spider-Man. Spray some 
window cleaner on the front pad, 
press play, and it'll clean your 
windows for you. You have to 
keep it plugged in, which isn't 


HOW IT WORKS 


The Winbot plots a course 
around your dirty panes 


These caterpillar 


Winbot on track. 


This suction mechanism fixes the 
Winbot to your window, and you 
can adjust how strong it sucks 
(weaker for thinner glass, for 
example) by turning the handle. 


ideal, but it does come with an 
extension lead. If for any reason 
the power cuts out, there's no risk 
of it landing on someone since the 
robot can be umbilically attached 
to the window with a chord. 
However, it left a bit of a smear 
when | took it off, it couldn't deal 
with bird poo, and admittedly it'd 
be quicker, quieter, and cheaper 
to just give your windows a wipe 
yourself, But as a labour-saving 
device, the Winbot is a winner. 


treads have an anti-slip 
design to help keep the 


The cleaning pad is a flexible 
spring-loaded tray with a 
microfibre cloth. Just spray 
on window cleaner and it 
does the rest. 


Winbot uses intelligent mapping 
software to plot its cleaning 
course, first taking care of the 
edges of the window, then 
zigzagging around the rest of it. 


Arear cleaning pad stays dry, going 
over the wet areas and removing 
smudges from the glass. 


And so to the gutter. If you don't 
fancy cleaning out your gutters 
and drainpipes, the iRobot Looj 
330 is for you. Just plonk it in the 
gutter, and the handle detaches 
and works as a remote control. 
Fit the front end and you can 
make it spin, flicking out dirt with 
its rubber flaps and bristles. It 
comes with two sizes of flaps, 
depending on how wide your 
gutter is. It works its way along 
the gutter using tank-like treads. 


Not only does it save you 
getting your hands dirty, it’s also 
much safer, since you don't have 
to keep moving a ladder to go 
back up. Just be careful which 
way you Set it to spin, as you 
could end up spattering your roof 
with filth. And no one's yet invented 
a robot that can clean that up. & 


JOE SVETLIK is a technology 
journalist who writes for CNET 
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HOW DO WE KNOW? 


HOW T0 BUILD A 


GLUMPUTER 


BY GILES SPARROW 


Today we take computers for granted, but it took centuries for engineers 
and mathematicians to develop the machines that would ultimately 
defeat Germany in World War I] and usher in the modern world 


ALCULATING DEVICES 
have been around since time 
immemorial - and perhaps 
the most fascinating and 
sophisticated of these to have 
survived from the ancient 
world is the Antikythera 
Mechanism, recovered 
from a Greek shipwreck in 
1900. Packed with cogs and 
gearwheels, this amazing machine 
was probably used to predict the 
movements of the Sun, Moon and 
planets. Some people claim that the 
Antikythera Mechanism is, in effect, 
an early computer. But today when 
we talk about computers we usually 
mean multi-purpose machines of 
the type outlined in the mid-20th 
Century. Such machines perform 
logical operations based on strings 
of numbers, following a series of 
instructions known as a program. 
According to this definition, the 
earliest true ancestor of the modern 
computer is probably the mechanical 
adding machine invented by the 
French mathematician Blaise Pascal in 
1642. Later known as the Pascaline, 
this device used an ingenious 
mechanism of internal rotors to add 
numbers entered by spinning a series 
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of metal dials on its upper surface. A 
generation later, German mathematician 
Gottfried Leibniz produced a more 
sophisticated machine called the 
Stepped Reckoner, which could not 
only add and subtract numbers up to 
16 digits, but could also multiply and 
divide up to eight-digit numbers. 
These devices were the ancestors 
of mechanical calculators that were 
widely used right up to the early 20th 
Century, but they were designed for a 
single, fairly limited purpose. The key 
to a more versatile approach — what 
we would call programmability - came 
from an unexpected quarter. 


A forerunner to the computer? The Ancient Greeks used 
the Antikythera Mechanism to predict celestial events 


Joseph Marie Jacquard was a 
French weaver and amateur inventor 
who put his experience of textile 
looms to good use in his inventions. 
At the 1801 Paris industrial exhibition 
he unveiled a loom that controlled 
the pattern it wove by automatically 
‘reading’ a chain of cards with holes 
punched through them. Jacquard’s 
loom revolutionised the weaving 
industry, and within a decade some 
11,000 were in use across France. More 
importantly, it established the idea of 
a machine whose configuration could 
be altered to perform different tasks — 
an idea that would influence the man 
many see as the father of computing. 


WEAVING WONDER 


In an 1822 presentation to the Royal 
Astronomical Society, mathematician 
and polymath Charles Babbage 
outlined the design and operation 
of a machine he called a ‘Difference 
Engine’, capable of performing 
complex calculations much faster 
and more accurately than any human. 
Babbage suggested it could be used 
for producing the tables of planetary 
motion needed at the time for >) 
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Built in 1943, America’s 
30-tonne ENIAC machine 
was capable of 5,000 
operations per second and 
was more than a thousand 
1 | times faster than any 
| previous computer 


> IN A NUTSHELL 


The foundations of computing 
began in earnest in the 19th 
Century, but it wasn’t until World 


War II, with the development of the 
first fully electronic machine to 
crack encrypted German messages, 
that it finally fulfilled its promise. 
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interest from the British 

Government, began construction 
the following year. However it was a 
complex project, and work eventually 
ground to a halt in the 1830s after 
Babbage and engineer Joseph Clement 
fell out over costs. 

By the time the government cut his 
funding in 1842, however, Babbage 
was already working on a far more 
ambitious scheme - the earliest device 
that we would recognise as a fully 
capable computer. This ‘Analytical 
Engine’ was remarkably complex. It 
would be able to perform a range of 
operations beyond simple arithmetic, 
such as following different instructions 


TASKED WITH BUILDING a machine capable 
of cracking the German Lorenz cipher to the 
specifications outlined by Max Newman, 
Tommy Flowers became convinced that the 
only solution was an entirely electronic 
computer. Flowers already had experience 
using thermionic valves on telephone 
exchanges, but his superiors were 
concerned about the potential for failure 

of their fragile flaments. Flowers, however, 
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depending on whether a certain 
condition was met. It could process 
data supplied on one set of punched 
cards according to instructions fed 

in by another set, and output data to 

a simple printer or a graph plotter. 

It also had a modular internal 
architecture consisting of separate 
units to handle calculations, and an 
internal memory where numbers could 
be stored and retrieved. Babbage was 
supplied with a sample algorithm that 
might be used in the machine by Ada, 
Countess of Lovelace and daughter 

of Lord Byron. She was a talented 
mathematician and is often identified 
as the world’s first programmer. 


argued that the valves only tended to fail 
when switched off and on repeatedly, 
which would not be an issue in this case. 
Frustrated, he decided to bankroll much 
of the construction of the first machine 
himself, and was soon proved right. 
Completed in December 1943, Colossus 
Mark 1 used a network of 1,600 vacuum 
tubes to perform the switching necessary 
for its calculations. The finished machine 


Sadly, Babbage had only built parts 
of his Analytical Engine by the time he 
died in 1871. His son Henry found little 
backing to continue, and Babbage’s 
ideas would be forgotten for decades. 

However in 1889, American inventor 
and statistician Herman Hollerith also 
came up with the idea of using 
punched cards to store data. These 
cards could be fed at high speed 
through an electromechanical ‘tabulator’ 
that registered pulses of electricity 
where current passed through the holes. 
Hollerith’s efficient system transformed 
the way in which data was handled 
and processed. As early as 1890, it was 
used to process the results of the US 


proved to be much faster and more efficient 
than anyone could have imagined, and work 
was soon underway on construction of the 
Mark 2, incorporating 2,400 valves. Nine of 
these machines would join the original at 
Bletchley by the end of the war. Colossus 
represented a huge advance in electronic 
engineering, and although it was built for a 
single purpose, like the original ENIAC it was 
capable of limited ‘reprogramming’. 


The Colossus was just that compared to today’s pocket-sized computers, but it helped the Allies win World War II by providing crucial intelligence from encrypted communications 
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census months ahead of schedule. The 
company he founded ultimately became 
an integral part of business giant IBM. 
Inherent in Hollerith’s tabulators 
was the idea of a binary system with 
two possible states, ‘on’ or ‘off’, 
equating to the numbers 1 and 0. 
Leibniz had been the first to explore 
binary number systems in the late 
17th Century, and recognised that they 
made certain calculations easy. 


In 1854 English mathematician George 
Boole had proposed a system of logic 
known as Boolean algebra, in which 
inputs and results of logical operations 
could have just two values, true and 
false. They could also be assigned the 
values 1 and 0. The realisation that 
binary relay circuits (simple switches 
controlled by electric current) could 
be used as ‘logic gates’ to perform 
Boolean operations is usually 
attributed to the US mathematician 
and engineer Claude Shannon, 

whose 1937 thesis on the subject 

was hugely influential. 

The principle seems simple in 
hindsight. The correct arrangement 
of relays could produce an output 
controlled by the values of two 
inputs (so for instance, an ‘AND’ gate 
would produce a signal only if there 
was a one at both inputs, while an 
‘OR’ gate would produced a signal 
provided there was one at either 
input). Networks containing many 
of these logic gates could then carry 
out calculations and perform more 
complex logical operations on the 
digits of binary data at high speed. 

However, others came up with the 
idea of using relays to build a computer 
at around the same time. Also in 1937, 
George Stibitz, a researcher at Bell 
Telephone Laboratories in New Jersey, 
used a system of relays and light bulbs 
to build a simple logic network on his 
kitchen table. The following year, his 
bosses at Bell Labs asked him to 
develop the system into a full-blown 
electromechanical calculating machine, 
and Stibitz’s ‘Complex Number 
Computer’ was completed in January 
1940. It remained in use until 1949, but 
it was not a true computer since it 
couldn’t be programmed. 

On the other side of the Atlantic, 
meanwhile, an engineer and computing 
enthusiast called Konrad Zuse was 
working on the same problem. 

By 1938 he had devised a binary 


Tommy Flowers 


out much of his 
pivotal wartime work 
on Colossus at the 
Post Office Research 
Station laboratories 
in Dollis Hill, north 
London. After the 
war, the engineer had 
difficulty convincing 
organisations such as 
the Bank of England 
of the potential for 
computing, but he 
lived long enough for 
his contributions to 
be recognised when 
the secrecy around 
Bletchley Park was 
finally lifted. 


Alan Turing 
(1912-1954) laid many 
of the theoretical 
foundations for 
research into computer 
science and artificial 
intelligence in scientific 
papers published both 
before and after his 
important work at 
Bletchley Park. After 
the war he worked 

at both the National 
Physical Laboratory 
and the University 

of Manchester. 
Tragically he died 

in 1954, apparently 
committing suicide 
after prosecution for 
his homosexuality (a 
crime at the time). 


Charles Babbage 
(1791-1871) was 

a mathematician, 
philosopher and 
engineer and the son 
of a successful banker. 
A large inheritance 
enabled him to follow 
his varied interests. 
His designs for the 
Difference Engine and 
Analytical Engine were 
both workable, so 
despite the fact that 
neither device was 
completed, he is widely 
considered to be the 
father of computing. 


Konrad Zuse 
(1910-1995) worked in 
complete intellectual 
isolation in Germany 

as a design engineer 
before devoting himself 
fulltime to the design 
of the Z1, the first fully 
functional computer to 
make use of Boolean 
logic and the binary 
system. After World 
War Il, the pioneer 
founded Germany's first 
computer company. 


Claude Shannon 
(1916-2001) was 

the first to formally 
demonstrate the 
potential of electronic 
devices for performing 
Boolean logic 
operations at high 
speed. Michigan-born 
Shannon's 1938 paper 
on the subject, drawn 
from the thesis for 

his Masters’ degree, 
set the foundations 
for the computing 
breakthroughs of 

the 1940s. 
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How do we know? 


(P) ay 


\ : 


French mathematician Blaise Pascal invents the 
first mechanical calculator, capable of adding long 
strings of numbers. ‘Pascalines’ are built to operate 
in a variety of number systems, from decimal to 
the complex divisions of the French currency. 


\ 
weccecccecccercece 


Charles Babbage makes the first notes on 
his Analytical Engine - a complex mechanical 

eee computer that foresees many of the features of «ecccescccees 
modern electronic machines. Sadly it never gets 
beyond the drawing board. 


Claude Shannon 
(pictured) writes 
his thesis on using 
electronic circuits 
toperform «« 


siareinrs eieievelsiolea! : ———— operations in 


Boolean algebra. 


aM George Stibitz 

~ Vs independently 
: builds a prototype 

electronic 


f ‘logic network’. 


Tommy Flowers completes work on the Mark 1 

Colossus, the first large-scale, fully electronic ee ecccccce 
binary computer. Construction begins on ENIAC, 

the first multipurpose computer. 


Modifications to ENIAC add the ability for the 

machine to reconfigure its operations according ae 1948 
to a program of stored instructions, instead of 

relying on manual reconnection of the circuits. 


Jack Kilby (pictured) completes the 
first integrated circuit - a network 
of transistors and connections on 
the surface of a semiconductor 
chip that paves the way for 
computer miniaturisation. 
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machine called the Z1. Built on a 

shoestring budget in his parents’ 
living room, and entirely mechanical, it 
was nevertheless capable of executing 
simple programs. Over the next few 
years, with financial backing from 
the German military, Zuse developed 
the Z2 and in 1941, the Z3. This third 
machine used electromechanical 
relays rather than mechanical switches, 
and was far more reliable. But as 
World War II dragged on, the German 
military had more immediate concerns 
on their mind, and refused Zuse’s 
requests to replace the relays in his 
machine with fully electronic valves. 


In Britain, however, a few brilliant 
minds foresaw that computing power 
could be the difference between 
victory and defeat. Even before the 
outbreak of war in 1939, British and 
Polish experts had been working to 
decrypt the fiendishly difficult German 
Enigma code machines. Following the 
fall of Poland, the British effort, centred 
at Bletchley Park in Hertfordshire, 
intensified. Many of the country’s 
finest scholars and engineers were 
recruited, including Cambridge 
mathematician Alan Turing, who had 
written an influential paper on the 
potential applications of ‘computing 
machines’ in 1936. 

The Bletchley Park team used every 
means to crack the German ciphers, 
from logic and intuition to raw 
computing power. Enigma and other 
German codes of the time were 
theoretically unbreakable, but 
carelessness by their operators would 
leave clues that allowed the number of 
code permutations to be brought down 
to a manageable size. One of Turing’s 
earliest projects at Bletchley was the 
‘Bombe’, an electromechanical 
calculating device for sifting through 
possible solutions at high speed. 

But while the Bombe was capable 
of cracking normal Enigma signal 
traffic, it was clear that German High 
Command relayed its most sensitive 
instructions in the more complex 
Lorenz cipher. Faced with the prospect 
of individual messages taking weeks to 
break, an alternative was needed. 

The result was Colossus, a machine 
that analysed encrypted texts fed 
to it on punched cards, and tested 
the probability of various solutions 
against a built-in electronic ‘model’ 
of the cipher machine. The basic 


RELAY 

An electrically operated switch, often 
using the flow of a current through an 
electromagnet to move a conducting arm 
and break or complete the main circuit. 
Valves and transistors are sophisticated 
alternatives to the basic relay. 


Perec cccccccccccceecceesccccccece 


SEMICONDUCTOR 

A material whose electrical 
conductivity is somewhere between 
those of metals and insulators, and 
which can be made to conduct in certain 
situations. Semiconductors like silicon 
lie at the heart of modern electronics. 


TRANSISTOR 

An electronic device that makes 
use of the unusual flow of electrons at 
the junction between different types of 
semiconductor material. Transistors 
can act as switches and amplifiers in 
electronic circuits. 


VALVE 
A device based on electrons flowing 
through a vacuum tube, which permits 


or blocks the flow of current between 
two electrodes. In computing, the flow is 
controlled by a signal at a third electrode 
-a so-called ‘triode’ arrangement. 


principle of its operation came 

from mathematician Max Newman, 
while the machine was built by 
telecommunications engineer Tommy 


Flowers (see ‘The key experiment’, p108). 


Meanwhile in the US, a number 
of teams were now working on 
computers, and development was 
spurred on when America, too, was 
drawn into the war. These parallel 
developments culminated in a 
single device called the Electronic 
Numerical Integrator and Calculator 
(ENIAC). Built at the University of 
Pennsylvania from 1943 by John 
Mauchly and J Presper Eckert, ENIAC 
was a 30-tonne machine with a fully 
electronic processor containing 18,000 
electronic valves. Capable of 5,000 
operations per second, it was more 


How do we know? 


Computer scientist Grace Hopper codes problems onto punch tape to be fed into a calculating machine. The 


computer was used in the American war effort in 1944 


than a thousand times faster than any 
previous computer. 

Moreover, ENIAC was a general- 
purpose computer that could be 
reconfigured for a wide range of tasks. 
At first, this ‘reprogramming’ involved 
physical rearrangement of the wiring 
between its components, but at the 
suggestion of Hungarian-American 
scientist John von Neumann, its 
designers soon set out to implement 
a ‘stored program’ solution, in which 
the configuration instructions could 
be stored on a ‘Function Table’. 

This innovation was completed in 
September 1948, with the refitted 
ENIAC entering operation almost a 
year ahead of its successor EDVAC 
(which had been designed from the 
outset with stored programs in mind). 

Stored programs were a huge leap 
forward, and in 1952 programmer 
Grace Hopper devised the first 
compiler - a program that could 
translate commands written in a 
‘programming language’ into binary 
code that the machine could 
understand. This eased the task of 
programming and opened up the hope 
that the same program might be run 
on machines of different designs. 


Throughout the 1950s, computers 
went from the laboratory to the first 
commercial applications. Electronic 
transistors began to replace bulky, 
hot and unreliable valves, with the 
first prototype transistor-based 
computer operating at the University 
of Manchester from 1953. There was 
still a long way to go to reach our era of 
smartphones and tablets, but perhaps 
the last great breakthrough was made 
in the late 1950s with the construction 
of the first compact integrated circuits 
by Jack Kilby of electronics firm Texas 
Instruments. From here, the story of 
computing has been one of continued 
miniaturisation and ever more 
powerful machines. & 


I | 
Giles Sparrow is a science writer and the 
author of Physics In Minutes 


£98 Listen to In Our Time, in which 
ao Melvyn Bragg discusses the 
life and work of Ada Lovelace. 
www.bbce.co.uk/programmes/b0092j0x 
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PLAN YOUR MONTH AHEAD WITH OUR EXPERT GUIDE 


= WATCH 
@ LISTEN 
@ TOUCH 
VISIT 
© READ 


a 


Zoologist George. McGavin 
meets a distant relative. 


“IS IT ON your grandmother's or grandfather's 

side that you are descended from an ape?” 
So said Bishop Samuel Wilberforce to Thomas 
Huxley during their famous debate about evolution 
in 1860, seven months after the publication of 
Darwin's On The Origin Of Species. One can almost 
hear Wilberforce's voice quivering with rage at the 
suggestion his ancestors were hairy creatures who 
walked on all fours and ate their own poo. 

Well, sorry Sam, but science has proved you 
wrong. We humans are great apes who belong to the 
order of mammals known as primates - a diverse 
and dysfunctional family that’s explored in the new 
BBC One series Monkey Planet. 

Presented by zoologist Dr George McGavin, the 
three programmes present a spellbinding portrait 
of our furry cousins. Primates are a diverse crew, 
including monkeys, apes, lorises and lemurs. But 
despite our differences, some of Monkey Planet's 
simian stars exhibit strikingly human-like behaviour. 

There's Siswi the orangutan, who uses soap and 
travels by boat, a bonobo who can order his own 
picnic on a smartphone, and a troop of long-tailed 
macaques in Thailand who have developed a unique 


approach to dental hygiene. “They've learnt to 
floss their teeth,” says McGavin. “They'll jump onto 
tourists, grab their hair and floss with it. It's one of 
the most bizarre things I've ever seen.” 

Not all primates bear such a human resemblance 
though. Take the tarsier: a tennis ball-sized creature 
whose saucer-eyed cuteness belies its ninja hunting 
skills. Then there's McGavin's personal favourite: 
the nocturnal, Madagascan creature known as 
the aye-aye. “It almost looks like it shouldn't be a 
primate,” he says. “It's got bat-like ears, the tail of 
a squirrel, sharp teeth like a rat, and this amazing 
elongated middle finger that it uses to find grubs.” 

So what else can we expect? “It’s all there,” 
says McGavin. “Deceit, love, hate, sex, violence.” 
EastEnders, eat your heart out! 


JAMES LLOYD 
BIBIC] Monkey Planet airs on 
ON 3 BBC One in April - check 


radiotimes.com for times 


Cosmos 


Neil deGrasse Tyson 
heads up a reboot of Carl 
Sagan's legendary 1980 
astronomy series. p108 


Edinburgh 
Science Festival 


For two weeks in April, 
Edinburgh plays host to 
the cream of science 
speakers. p111 


Written In Blood 


This new book by a 
forensic scientist traces 
the history of the field, 
with the help of gruesome 
case notes. p112 
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Toots 
m=) WATCH 


TV, DVD, BLU-RAY & ONLINE 


WITH TIMANDRA HARKNESS 


Duck Quacks Don't Echo 


Sky 1HD, Fridays, 10pm 


YOU KNOW THOSE facts you hear in 
pubs and always wonder about? 
Things like ‘You can’t sneeze with your 
eyes open’ or ‘Shrimps are fitter than 
people’. Comedian Lee Mack (pictured) 
wondered how many were true, so 
he mustered scientists and guests 

to test them. The answers involve 
getting Rhod Gilbert on a treadmill 
and gluing Mel C to the ceiling. 


Is That A Nail In Your Head? 


Really, 9pm 


" FROM THE X-RAY showing a nail in 
a brain to the mouse with a human 
ear growing on its back, medicine 
has produced some startling images. 
This series takes videos and medical 
images as starting points for some 
remarkable human stories. Using CGI 
and footage of surgical procedures, 
each tale of medical triumph is brought 
to vivid, if not downright gory, life. 


How Cities Work 


Discovery Science, 8pm 


OVER HALF THE world’s population 
now lives in cities. That's over 

3.5 billion people. This new series 
examines metropolises like London, 
Birmingham and New York to 

find out how they keep running. 
From food and water to electricity, 
each episode follows one key part 
of the equation that makes urban 
life so... civilized. 


TIMANDRA HARKNESS is a stand-up comedian and a presenter 
on BBC Worldwide’s YouTube channel Head Squeeze 
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Carl Sagan's 
successor: Neil 
deGrasse Tyson 


Cosmos: A Space-Time Odyssey 


National Geographic, 7pm 


OVER 30 YEARS after Carl 
Sagan's Cosmos tackled ‘all 
that is or ever was or ever will 
be’ in his book and television 
series, astrophysicist Neil 
deGrasse Tyson presents 
anew version for the 21st 
Century. Join him on a voyage 
through space and time and out 
to the edge of the Universe. 
Executive producer Ann 
Druyan, who worked with 
Sagan on the original series, 
has drawn on resources that 
weren't available in 1980. 
Cinematographers and special 
effects wizards create visions 


of stars, galaxies and planets 
to rival any blockbuster. 

The original Cosmos series 
also told stories from science 
as live costume drama. But 
after network qualms about 
historic facial hair, they found a 
daring alternative. The historic 
tales of new scientific ideas are 
told through animation, with 
Family Guys Seth MacFarlane 
and actors like Patrick Stewart. 

You may find the message of 
restoring faith in science a little 
earnest, but the spirit of hope, 
audacity, and engagement with 
the future is hard to resist. 


Life, Death And Mistakes 


Eden, 9pm 


TO ERR IS human, they say, but 
some mistakes are more costly than 
others. If you're a surgeon, a pilot, 
even a rail maintenance worker, one 
lapse of judgement can end lives. 

Dr Kevin Fong is an anaesthetist and 
author. In this series, he uses brain 
science to find out why we make 
mistakes, and how we can all be less 
wrong when it matters most. 


Your Inner Fish 
Eden, 9pm 


WE MAY HAVE evolved from fish, but 
we don't look much like them. But as 
palaeontologist Dr Neil Shubin 
(pictured) reveals in this series, the 
evidence is still there in our bodies. 
Drawing on anatomy, genetics, 
embryology and fossil records, he 
traces the legacy of our ancestors. 
Inside each of us, our fishy forbears 
have left their fingerprints... Finprints? 


Only Connect 


BBC Four 


Flex your grey 
matter with 
Victoria Coren 
and Only Connect 


IT’S THE RETURN of the quiz series that's not 

embarrassed to be smart, and to assume that 
you're pretty smart too. Hosted by Victoria Coren with 
self-deprecating wit and understated brains, it will put 
some new teams to the test. Can you spot connections as 
disparate as ‘fruits with one letter removed’, or ‘surnames 
of boxers’? Can you recognise titles with all the vowels 
removed? You can? Well, you should have applied to be 
on it then, shouldn't you? 


| ToDoList 


Meet The Sloths 


Go Entertain, £13.29, DVD 


AS SEEN ON Animal Planet, this series spends a 
year in the company of South American sloths. The 
residents of Aviarios Sloth Sanctuary in Costa Rica 
are slow-moving, shy and surprisingly cute. 


The Green Planet 


Studio Hamburg Doclights, £9.99, DVD 


THIS SEASON-SPANNING documentary takes you 
ona magical exploration of woodland wonders, 
from majestic red deer and wild boar to scrambling 
stag beetles, using aerial and micro cameras. 


Walking With Dinosaurs: The 3D Movie 


20th Century Fox, £18.50, Blu-ray 


THIS MOVIE WAS the closest thing to actually living 
in prehistoric times this side of a creationist theme 
park. Now you can enjoy a 3D dinosaur adventure 

in the comfort of your own home. 


Guy Hoffman: Robots With “Soul” 


http://new.ted.com/talks/guy_hoffman_robots_with_soul 


EVER SEEN A robot 
improvise jazz duets 
on marimba? No? 
Then you need 

to check out this 
fascinating TED talk 
on developing robots 
that can interact with 
humans in human- 


GUYHOFFMAN, 
; = like ways. 


Smarter Mobility: An Evening Of Debate 


intelligencesquared.com/events/smarter-mobility-an-evening-of-debate 


WHAT'S THE FUTURE 
of transport - Zipcar? 
Self-driving taxis? 
Maglev monorail? Or 
should we all slow 
down and love being 
Switched On pedestrians? This 
(ean) Intelligence Squared 
EUVMENClg §=§©debate throws them 
aA all into the mix. 


intelligence* 
e 


dobonng He hewn ot energy 
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a RADIO & ONLINE og SMARTPHONE & TABLET APPS 


WITH TIMANDRA HARKNESS WITH CHRISTOPHER BRENNAN 


discovers some startling Journeys Of Invention 
i . experiments. Artists and 
Discovery: Rear patios are listening in iOS 7 or later, Touch Press, free (£6.99 for full experience) 


Inside The Shark’s Mind on things no normal human 
BBC World Service, various times | can hear. Could Frank become 
a superhuman cyborg? 


THIS IS A visually stunning guide 
to inventions from the Byzantine 
sundial-calendar to the iPad - the 
device that provides the best 
way to view it. There are more 
than 80 objects to investigate 
here. Each details the history of 
the gadget, the people who came 
up with the bright idea to make 


DEATH BY SHARK attack is 

rare, but in Australia the death 

toll is the highest in the world, 

and rising. Dr Helen Scales F ' 

visits the University of Western Bigfoot: Not A Bear 
Australia, where researchers BBC Radio 4, Tlam 

are trying to understand the 


nature of the beast and reduce  THELAST EPISODE of this it, what it's made of and how it started to change the world. The 
the casualties an hattieides: series of Nature takes a various journeys show how inventions throughout history are all 
surprising turn, with presenter connected to each other. The app is free, but you'll need to stump 
¢ ; Matthew Hill invited to the up £6.99 for the full set of historic gizmos. 
©) 58 annual gathering of Bigfoot 
Beach) CLOSE researchers - Beachfoot Camp S | S t 3 
“DUE To 2013. The encounters he hears 0 af ystem 
} recounted may change his Android 2.2 or later, SK Inc., free 


"7 f La Z 
SHARK thinking about the elusive, 


eK thical, creature. 
AITRCK or mythical, creature 


THIS APP ALLOWS you to explore 
the planets on your phone. It sounds 


Ue ae like the sort complicated task you 
oe AYN UNTIL 14 JUNE wouldn't want to do on the bus, but 
$e ; in fact it’s anything but. With each of 
Poorly spelled signs like this have been Discovery: the worlds listed on the screen, all 
popping up on Australian beaches A you have to do is tap to fly right to your favourites. There’s some 
The Biology Of Freedom basic information about each globe and you can see the rotation 
MARCH BBC World Service, various times in real-time or speed it up. There's not a great deal to it, but that's 
one of its strengths since there's little to get in the way of enjoying 
Hack M Hearin AS PART OF the Freedom the 3D animations. It's very easy on the eye and navigating your 
BBC World Service, various times Professor Adam Hart looks 
at other animals and asks : 
SCIENCE WRITER FRANK - is our free will a unique trait? NHM Alive 
Swain is losing his hearing. When apes, birds and even iOS 6 or later, Colossus Productions, £2.99 
In this documentary, he bacteria appear to make 
investigates the latest artificial decisions, is free will merely an EXPLORING THE NATURAL 
aids available to him, and illusion produced in the brain? History Museum is the central 


theme of this app and we have 
to say it does the job incredibly 
well. With David Attenborough 


ONLINE: BBC as your guide and excellent 
photography, it's the next best 


A History Of Britain In Numbers thing to actually being there. 


wwwbbe,co.uk/podcasts/series/hbn There's a timeline of each exhibit, 
as well as detailed information cards. You can unlock more content 
by matching symbols used in the museum, so it’s an incentive 
entertaining BBC Radio 4 series last - to visit and see the real thing too. A night mode for exploring the 
year, catch it all here. Statistician Andrew Dilnot = museum in near darkness is a bit of a gimmick and not one that 
turns dry figures into a vivid portrait of Britain's wing es always works, but overall this is excellent. 
changing face, including the voices of individuals Pygeaela 
who remember a recent but very different world. 


IF YOU MISSED this revealing and 


in Numbers 


a 
CHRISTOPHER BRENNAN is a technology journalist and app expert 


PHOTO: THINKSTOCK X3, NATURAL HISTORY MUSEUM, BBC 
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VISIT 


EVENTS & EXHIBITIONS 


WITH JHENI OSMAN 


It's About Time! 


Burlington House, London, free, lpm, www.ras.org.uk 


LEARN HOW THE days and months got their names in a tour of the 
calendar that takes in Roman emperors, Zulu wars and Thomas 
Hardy. You'll also find out about the English Time Riots. 


REWORK Al & Robotics Innovation Forum 


London, £215/£55, www.re-work.co 


IF YOU'RE IN business, expert speakers at this themed workshop 
will reveal how artificial intelligence will affect you in future. 


The Compatibility Gene 


Royal Institution, London, 7-8.30pm, £12/£8, www.rigb.org 


DID YOU KNOW that attraction largely depends on immune-system 
generated smell? This talk unravels the role your immune system 
plays, not just in finding a partner but in organ transplants and more. 


APRIL-JUNE 


Surgery At The Outbreak Of The First World War 


Hunterian Museum, London, free, www.hunterianmuseum.org 


SURGICAL TECHNIQUES WOULD undergo rapid changes 100 years 
ago. This exhibition shows the difficult conditions faced by medics. 


What Is The DNA Of An Entrepreneur? 


Royal Institution, London, 7-8.30pm, £12/£8, www.rigb.org 


IF YOU COULD analyse the DNA of Alan Sugar, Richard Branson 
and Deborah Meaden, would you find common genes? And is there 
a magic formula for entrepreneurial success? This talk reveals all. 


Robin Ince Is (In And) Out Of His Mind 


Science Gallery, Dublin, 7-8.45pm, €18, http://ow.ly/rWVzA 


THE COMEDIAN AND science geek Robin Ince returns 
with a stand-up lecture on psychiatry and psychology. 


A distracting laser show isn't 
the best lighting to conduct 
an experiment in 


Edinburgh International Science Festival 


Various venues, Edinburgh, www.sciencefestival.co.uk 


ONE OF EUROPE'S largest science festivals looks set 

to satisfy its knowledge-hungry visitors again this 
year. A ‘GastroFest’ - showcasing the science of food 
through workshops, talks and intriguing-sounding ‘interactive 
dining experiences’ - is one of the tasty morsels available at 
this year’s 16-day event. You can also get hands-on in the 
LateLab evening events, where music and art meet science. 


Longitude Punk'd 


Royal Observatory Greenwich, London, www.rmg.co.uk 
IN 1714, A reward was offered to anyone who could create a device 


to calculate longitude. This exhibition showcases related work by 
eight British steampunk artists 300 years on. 


Crime Scene Live 


Natural History Museum, 7pm, £40, www.nhm.ac.uk 


POUCEDO NOT CROSS 


THINK YOU'RE THE next Sherlock? With the help of real detectives 
and forensic scientists, gather evidence from a grisly murder scene. 


Maker Faire UK 2014 


Life Science Centre, Newcastle, £8.95/£6.45, 
www.makerfaireuk.com 


MEET ROBOTEERS, ENGINEERS, crafters, coders, DlYers and 
hackers and get hands-on with soldering, 3D printing and bio-hacking. 


JHENI OSMAN is a science writer and the author of 
100 Ideas That Changed The World (BBC Books, £9.99) 
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a THE LATEST SCIENCE BOOKS REVIEWED 


© Hardback ® Paperback 


Written In Blood 


The Remarkable Casebook Of One 
Of Britain's Top Forensic Scientists 


Mike Silverman 
Bantam Press, @ £16.99 


HIS BOOK IS not for the faint- 

hearted. Don't expect to tiptoe into 

the shallow end and ease yourself 

into the gory details. From the first 
page, Silverman gives you a sharp shove 
between the shoulder blades and sends 
you face-first into the pool. 

With the metallic scent of blood rising 
from the pages, Silverman recounts a 
personal journey through 35 years of 
game-changing advances in serology (the 
study of blood serum), fingerprinting and 
DNA analysis. Giddy with the implications 
of catching criminals using ever-tinier 
samples, the police initially thought their 
problems were solved. Almost overnight, 
cold cases were cracked and swathes of 
suspects eliminated from enquiries. But it 
wasn't all plain sailing. Rapists changed 
their pleas from ‘never met the woman’ to 
‘she consented’, and courts expected TV 
fiction-inspired results. 

Silverman describes his work with the 
scientific detachment of many a forensic 
scientist. There's a faint amusement at the 
fright and disgust of ‘lay people’ - his 
girlfriend for example, when he brings 
home a jar of decomposing flesh and 
maggots from a crime scene - and much 
of the book's appeal lies in its shock factor. 
Each case is almost joyously described, 
sparing no intimate or gratuitous detail. 

However, more alarming than the 
bloodshed, is the story of the inevitable 


“More alarming 
than the bloodshed 
is the inevitable 
commercialisation 


of forensic science” 
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WRITTEN 


THE REMARKABLE CASEBOOK OF 
ONE OF BRIPAIN'S TOP 
FORENSIC: SCIENTISTS 


commercialisation of forensic science and 
the resulting monetisation of justice. As 
fast as labs could perfect DNA amplification 
techniques, they became commodities, 
subject to patents, copyright infringement 
and market competition. Suddenly, the 
Forensic Science Service was under 
pressure like never before to produce 
accurate and speedy results every time, 
and turn a profit to boot. 

The impact of having to pay for every 
single test meant police sent fewer 
samples to the labs and relied more 
heavily on evidence they thought would be 
a ‘sure thing’, undoubtedly compromising 
investigations. In turn, labs often threw 
unnecessarily advanced techniques at 
samples in order to secure competitive 
results and generate income, or risk being 
undercut or outbid. And eventually, that's 
exactly what happened. 

Silverman makes a convincing case that 
prioritising profit over ‘locking up bad 
guys’ was doomed from the start. His 
prognosis for forensic science in the UK is 
bleak, and ultimately he asks what price 
we have to pay for justice. But whatever 
you do, please don’t have nightmares. 

ii tf | 


DR ANNA WILLIAMS is a Senior Lecturer in 
Forensic Science at the University of Huddersfield 


Mike 
=> Silverman 


What are your particular areas of 
expertise in forensic science? 

| joined the Scotland Yard Forensic 
Science Laboratory full-time in 1979 and 
ended up specialising in sexual assaults 
and murders - or more specifically in 
bloodstain distribution analysis. This 
involved looking at blood splashes at 
crime scenes and identifying the 
sequence of events that led to them. 


What's the general procedure when 
you're called to a crime scene? 

First, you have to make sure the scene 

iS properly secured so that there's no 
contamination. Then, as a Scenes of 
Crime Officer, you start looking for 
everything from fingerprints to suicide 
notes to blood, hairs and fibres. If | go 

as a forensic scientist, though, I'll have 
been called in after that stage to look 

at the blood splashes. I'd mark them 

up, test them, draw them and then do 
calculations to identify the point of origin. 
If it's a battering-type attack, there'll be 

a single point where the splashes have 
come from. You can also identify how 
many blows were made with the weapon, 
and whether any arteries were cut. 


What scientific breakthrough has had 
the biggest impact on forensics? 

| think nobody would dispute that it was 
DNA [profiling]. This meant you could find 
blood, semen, saliva or just the touch of 
a fingerprint at a crime scene, analyse 
the DNA, run it through the DNA database 
and come up with a name. Now, thanks 
to advances like the ‘polymerase chain 
reaction’ [an amplifying technique] we 
can get DNA from samples that are 
invisible to the naked eye. 


MORE ON 

THE PODCAST 
Listen to the full interview with Mike Silverman 
at sciencefocus.com/podcasts 


How Dogs Love Us 

ANeuroscientist And His Dog Decode The Canine Brain 
Gregory Berns 

Scribe Publications @® £12.99 


IF YOU'VE EVER wanted to know how to 
get a dog into a magnetic resonance 
imaging (MRI) scanner, this is the book 
for you. Neuroscientist and dog lover 
Gregory Berns had long wanted to know 
what dogs are really thinking. He’s used 
MRI to study blood flow in live human 
brains - a proxy for thought - and 
decided to try the same trick with dogs. 

Coaxing a dog into a MRI scanner, 
though, was not easy. A laboratory is a 
deeply unnatural, frightening place for a 
dog, never mind the claustrophobic tube 
of a MRI scanner. Worse, the machine 
makes a noise like a jackhammer, and the 
subject has to lie still for lengthy periods, 
not moving a millimetre, in a machine 
designed for a completely different 
species, while wearing specially designed 
doggy ear defenders. It's a tribute then to 
Berns and his team - notably his dog 
Callie - that they succeeded, and in so 
doing asked probing questions about the 
rights in our society of sensitive, 
intelligent and possibly sentient creatures. 

But did Berns find out what dogs really 
think about? The answer is ambiguous as 
well as poignant and meaningful: dogs 
think about what we're thinking. 
EERE 


The Science of What Separates Us from Other Animals 
Thomas Suddendorf 
Basic Books, @ £19.99 


WHAT SEPARATES US from the rest 

of the animal kingdom? It's tempting to 
point to tool use, speech, morality and 
co-operation. And yet, as this book 
shows, such superficial lists are easily 
contradicted by a wealth of research on 
animal behaviour. To scratch the surface 
- parrots can speak, chimps form war 
parties, dogs understand fairness, and 
crows use tools. In fact, New Caledonian 
crows use one tool to obtain a second 
tool to get to the food they're after. 

So what is unique about the human 
mind? Thomas Suddendorf believes 
only we are capable of what he calls 
nested scenario building - we think 
about thoughts and imagine possible 
worlds. He also argues that we have 
an unrivalled urge to connect with each 
others’ minds, aided by the ability to 
imagine other times and perspectives. 
Suddendorf is a skillful guide through 
‘the gap’ between animal and human 
minds. He describes clever animal 
experiments and observational work 
with lucidity. He ends with a plea. Our 
ape cousins are dying out. It’s vital that 
we use our unique powers of foresight 
to prevent the gap from widening. 

TTT tT 


HENRY GEE is an evolutionary biologist, and 
a senior editor of the journal Nature 


= 


Neanderthal Man 
In Search Of Lost Genomes 
Svante Paabo 

Basic Books, @, £18.99 


CHRISTIAN JARRETT is a neuroscientist and 
the author of The Rough Guide To Psychology 


THIS IS THE fascinating account of 
Svante Paabo’s efforts to sequence 
Neanderthal nuclear DNA. Although the 
details of the technical problems faced 
are not an easy read, his personal story, 
from graduate to world-renowned 
scientist, makes this a very enjoyable book. 
As a young Swedish medical student, 
Paabo's fascination with ancient things led 
him to secretly extract DNA from dead 
tissues in his professor’s laboratory. His 
ultimate ambition was to sequence the 
DNA of the Neanderthals, our closest 
relatives. The study of the Neanderthals 
has kept palaeontologists occupied for 


The Galapagos 
ANatural History 
Henry Nicholls 
Profile Books, @ £15.99 


DARWIN SAILED TO the windswept 
Galapagos Islands in 1835 to study 
their geology, but came away beguiled 
by the varied life forms he found. It was 
this experience that shaped his ideas 
about evolution and natural selection. 
Countless coffee-table picture books 
have been made about the Galapagos, 
but Nicholls’s volume takes a refreshingly 
different course: it is the only popular 
account | am aware of that ventures 
off the well-beaten track of famous 
tortoises or the photogenic Darwin's 
finches, to document the rich diversity 
of species that made these islands a 
World Heritage site. Nicholls describes 
the ocean life, birds, plants, invertebrates 
and reptiles, augmenting these accounts 
with personal and historical anecdotes. 
He writes in an informal style that 
takes for granted that saving the 
Galapagos as a living museum is a good 
thing - you won't find the economic and 
social pros and cons of conservation 
debated here. But then he is in good 
company. Having left the Galapagos, 
Darwin noted ‘the natural history of 
these islands is eminently curious, and 
well deserves attention’. 
EERE 


PROF MARK PAGEL is an evolutionary 
biologist and author of Wired For Culture 


more than a century, but Paabo convinces 
us that decoding their DNA will provide 
insights into how different we are from 
them and what makes us so unique. 

You accompany him on a journey that 
culminates in the publication of the 
Neanderthal nuclear genome in 2010, 30 
years after his illicit trials in the lab in 
Sweden. Helped by advances in genetics 
and the support of his collaborators, he 
achieved what no one thought possible. 
EEE 


ISABELLE DE GROOTE is an evolutionary 
anthropologist at LJM University, Liverpool 
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COMPETITION 


WIN TICKETS 10 


IMAGINING THE 
FUTURE OF MEDICINE 


al = F 
AT THE ROYAL ALBERT HALL actvoresenter Neuroscientist Doctor, writer Blakemore 


Blakemore 
Neuroscientist 
COMEDIAN AND BBC TV presenter Dara O Briain will take the how to make the world healthier. Speakers include author Ben 
stage at the Royal Albert Hall on 21 April 2014 at 2pm, as host Goldacre, brain scientist Tali Sharot, neuroscientist Sarah-Jayne 
of the science event of the year. Imagining The Future Of Medicine = Blakemore and Jay Walker, chairman of TEDMED. For more 


brings together some of the world’s top thinkers to discuss information, visit www.royalalberthall.com 


We've got four pairs of £30 tickets to give away. To be in 
with a chance of winning, just answer the following question: 


In what year was the world’s first heart transplant 
performed? 


To enter, visit sciencefocus.com/competition/medicine or send your answer to BBC 
Focus Magazine, |magining The Future Of Medicine competition, PO Box 501, Leicester, 
LE94 OAA before the closing date of 5pm on 3 April. Good luck! 


cine at the prestigious Royal Albert Hall 


Sciencefocus.com 


. Make our 


sciencefocus.com/forum 


facebook.com/sciencefocus __ twitter.com/sciencefocus 
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ADVERTISEMENT FEATURE 


SPRING BOOKSHELF 


Indulge your passion for literature this spring, with these selected books 


QUANTUM SOULS 
aie ease Quantum Souls 
MAX HOLLAND . 
Paperback ISBN: 978-1-49213-210-3 


(The Cleansing) 


Our DNA code is the intricate structure that ultimately designs 
us and there is little difference between single cell organisms and 
complex animals like humans. The world of quantum physics tells 
us there is nothing here except atoms, are we just that, a single 
atom of intelligence in a Universe of atoms? So were we created 
in a different dimension, is life just a virtual reality game? 

Veiled under the guise of yet another liberation war, a nuclear 
holocaust is planned by the W.E.D. group to control the oil in the 
Middle-East. They are the people we never hear about, hiding in 
the shadows, the true power behind the western governments, 
the real ruling class. While on assignment to Europe CIA agent 
Matt Stone discovers the reality of our creation. 


Available on Amazon.co.uk 


Max Holland > 


4 


THE AGE OF RADIANCE ANN Ws 
THE EPIC RISE AND DRAMATIC FALL OF THE ATOMIC ERA AN \\ WX \\ | / 


CRAIG NELSON \\ \ \ \\\\\ | LW /// Y 
Hardcover £19.99 


Riveting narrative of the Atomic Age: from x-rays and Marie Curie to the S \) H E 
Nevada Test Site and the 2011 meltdown in Japan. 
Radiation is a complex and paradoxical concept: staggering amounts of 
energy flow from seemingly inert rock and that energy is both useful and 
dangerous. While nuclear energy affects our everyday lives-from nuclear 
medicine and food irradiation to microwave technology-its invisible rays 
trigger biological damage, birth defects, and cellular mayhem. 
From the end of the nineteenth century through the use of the atomic 
bomb in World War II to the twenty-first century’s confrontation with the 


dangers of nuclear power, Nelson illuminates a pageant of fascinating 


historical figures: Enrico Fermi, Marie and Pierre Curie, Albert Einstein, AWE EPIC RISE AND DRAMATICN = 
Robert Oppenheimer, and Ronald Reagan, among others. ZBL by THE ATOMIC ERAS SS 
Brilliantly fascinating and remarkably accessible, The Age of Radiance 
traces mankind’s complicated and difficult relationship with the dangerous GY; R A | G N E t S$ 0 No 
power it discovered and made part of civilization. 
/ MEW voRK finesraesrsttune AUTHOR OPS: 
Published 27th March 2014 ISBN 978-1-45166-043-2 \ 


A /)f.f//// |) ROCKET MEN \\\ \\ 


Also available as an eBook 
ISBN 978-1-45166-045-6 


SIMON & 
Find out more at www.simonandschuster.co.uk SCHUSTER 


and so much more online 


CALL: 01494 719354 
or 01494 719358 


Regular customers will know 
that we | toys that have 
a ‘wow’ factor, which can be 
used to entertain and amaze 
friends and family. 

We sell a range of items that 
are often hard or impossible 
to find anywhere else. 


See our website 
for ovr FULL 
range 


e-mail: help@grand-illusions.com [éé 


y+ 


The Rotating Super 14 Wizard - Holds 2,296 CD’s 


rs 


Not only is it excellent to ride both as a load carrier and a tandem, but it also offers the convenience of 
being ultra compact. By removing the front wheel , dropping both seat posts down and quick releasing 
the handlebar, it fits into 180 x 60 x 22cm space. Allowing it to be fitted to a standard bike rack, or, with 
the seats down, into the back of most hatchback cars. The dedicated rear rack, which replaces the stoker 
seat post can take 4 panniers, 2 child seats, a combination of both or anything else you want to strap to it. 
CO 
Cycles 
t|01954 782020 e|info@circecycles.com w|www.circecycles.com 


a — 


TAN EDWARD] 


lé4 AKERS OF FINE HAND MADE FURNITURE 


The Old Chapel, 282 Skipton Road, Harrogate, North Yorkshire, HG1 3HE 
Tel: 01423 500 442 
Email: info@iansbespokefurniture.co.uk 
www.iansbespokefurniture.co.uk 
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COMPUTING & 
“Technology Workchope 


Model Rocketry Game, App & Web Design 


Tech Camp London July/August 2014: Ages 9-17 
1-Week Day Camps, Central London Venue 


Tech Camp UK August 2014: Ages 9-17 
1-Week Residential or Day Camps, Hampshire Campus 


Tech Weekends Throughout 2014 
Themed Technology & IT Weekends, Berkshire 


For further info go to: www.techcamp.org.uk 


For advertising enquiries please contact: Carl.Kill@immediate.co.uk Tel 0117 933 8058 


Exist 
NA) 


wwwthednastore.com 


Boiling & chilled 
filtered water at the 
touch of a button. 


Welcome to the future 
of water at home. 


Transform your tap water with the beautifully designed 
BIBO home water dispenser. Simply connects to your water 
supply for filtered chilled & boiling water, instantly. 


¢ Pure, great-tasting filtered water 

e Instant tea & coffee 

e Endless supply, no refilling 

¢ No more waiting for water to boil or chill 

© 10 colour options to suit your kitchen or office 


BIBO Classic is £393. 
1/2 price installation offer*, usually £72, 
only £36 when you quote code BFO114. 


Exclusively available at 
www.bibowater.co.uk or call 0800 678 5969 


BIBO 


Does away with the kettle, 
filter jug and bottled water! 


Pe 


*Classic model only 
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Digital and Optical Microscopes 


srp £419 a 
The professional-level Celestron PentaView LCD is a touch screen H 
digital microscope with advanced features at a reasonable price. Ss pott in 4 
PentaView features 5 fully achromatic lens objectives, a mechanical Scopes 
stage, a 4.3" TFT full color screen, 5 MP CMOS sensor, and a 4 GB SD 

card for storage. Taking high-resolution images and video of specimen 
slides has never been easier. The LCD screen rotates 180 degrees so 
you can easily share your viewing. For an even bigger audience, use the 
TV output to display on a television or projector. 


Binoculars 


Handheld 


Astronomical 
Telescopes 


Whatever your chosen subject, large or small, up close or 
far away, a quality Celestron instrument will help you see more. 


Celestron is distributed in the UK and Ireland by David Hinds Ltd. Dealer enquiries welcomed. 
David Hinds Ltd. Unit R, Cherrycourt Way, Leighton Buzzard, Bedfordshire LU7 4UH 


Celestron® and PentaView™ are registered trademarks or trademarks of Celestron Acquisition, LLC in the United States and in W W W celestron U k com 
dozens of other countries around the world. All rights reserved. a a a 


Supplying all your rocket |})_ Rocket motors ¢ Rocket kits 
needs for 12 years & counting. Rocket parts ¢ HPR @ Recovery 
Providing everything you could Electronics ¢ Ground support 
need to fly rockets. Flight support e Literature 


XSSi¢ LIVERPOOL 
\SZ, JOHN MOORES... Astronomy by 


UNIVERSITY f. 


as i+ Distance Learning 


a —— al 


eS 

e Planets of the Solar System Jan 2014 
Supernovae Apr 2014 
High Energy Astrophysics Jun 2014 
An Introduction to Astronomy Sep 2014 


We stock... ACME Aerostructures, Aerotech, BSD Rocketery, Cesaroni, DYNA-STAR, 
Estes Rockets, Fliskits, G-Wiz Flight Computers, JB Weld, LOC Precision, 
Orbital Engineering, PerfectFlite, Pratt Hobbies, Rebel Rocketery, Rockets & Things, 
Rowes Retainers and The Launch Pad. 


Mobile: 07973 545475 | Tel/Fax: 01293 517857 
16 Breydon Walk, Furnace Green, Sussex RH10 6RE 


www.rocketsandthings.com 


www.astronomy.ac.uk 01512312900 enquiry@astro.|jmu.ac.uk 


Thousands of Items... 


Petior/Seebeck HovCold Elements 


LOOKING TO BE PUBLISHED? 


>) SUBMISSIONS AND SAMPLES 
WELCOMED. ALL WORK 
CONSIDERED, NO AGENT 
REQUIRED. 


Ff 
® 
e 


( Peltier Units) 
( Polarising ) 
(Tools J 


AUST'N MACAULEY — 


POR LGSHRERS Lat pe 


CGC-33-01, 25 Canada Square 
Canary Wharf, London, E14 5LQ 
Tel: 0207 038 8212 
www.austinmacauley.com 
mail@austinmacauley.com 
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Mindgames 


MINDGAMES 


Test your knowledge with our Big Quiz set by James Lloyd 


1 Which NASA rover recently 
celebrated 10 years on the 
surface of Mars? 


a) Opportunity 
b) Curiosity 
c) Sojourner 


According to psychologists 
in the US, at what age do our 
earliest childhood memories 
begin to fade? 


a) Five years old 
b) Seven years old 
c) Nine years old 


To find out what makes moles 
effective diggers, scientists 
put them through their 

paces in which substance? 


a) Sugar 
b) Couscous 
c) Sand 


What is visualised in this 
psychedelic image? 


a) Magnetic field lines 
b) The polar vortex 
c) The polar jet stream 


Far out man... 


What gave this 42-year-old man 
star-shaped cataracts? 


a) An electrical accident at work 

b) Staring at the Sun 

c) Using a virtual reality headset 
non-stop for four days 


Complete the recent news 
headline: “All human behaviour 
can be reduced to ” 


a) A simple computer model 
b) Childhood experiences 
c) Four basic emotions 


UK doctors have carried out 
successful trials of a treatment 
for which common allergy? 


a) Peanuts 
b) Pollen 
c) Dust mites 


What’s the name of the comet- 
chasing spacecraft that was 
recently woken up from a two- 
and-a-half-year hibernation? 


a) Rosalin 
b) Rosanna 
c) Rosetta 


According to recent research, 
what may have caused the 
extinction of the 3m-tall (10ft) 
Gigantopithecus great ape? 


a) Tooth cavities 
b) A supervolcano 
c) Embarrassment at being so tall 


iticia Don't miss Six Degrees Of 
sia\\,@ Separation, a science quiz 
show with Professor Brian 
Cox on BBC Two this year 


10 The world’s oldest flamingo has died 
in an Australian zoo. How old was it? 


a) 43 
b) 63 
c) 83 


11 In January 2014, astronomers 
spotted an exploding star in a 
nearby galaxy. Roughly how far 
away was it? 


a) 12 million light-years 
b) 22 million light-years 
c) 32 million light-years 


Complete the recent news 
headline: “Speedy cyclists are 


12 


a) More likely to engage in doping 
b) On the brink of extinction 
c) Better looking 


13 Which illness is represented by 
the frenzied beast in this 18th 
Century medical etching? 


a) Schizophrenia 
b) Tuberculosis 
c) Fever 


You may also feel like this on a Monday morning 
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Steve Millard, Mike Thompson, Patricia Rutledge, 
R Beckett and Peter Haworth each solved 
issue 263's puzzle and receive a copy of Micro 
Monsters 3D (Sky 3D, £13.19) on Blu-ray. 
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Entrants must be UK residents (inc Channel Islands) aged 18 or over. Immediate Media 
employees are not eligible to enter. By entering participants agree to be bound by these terms 
and conditions and that their name and county may be released if they win. Only one entry 
permitted per person. No responsibility is accepted for lost, delayed, ineligible or fraudulent 
entries. Entries received after the closing date will not be considered. Immediate Media 
(publisher of BBC Focus Magazine) will only ever use personal details for the purposes of 
administering this competition unless you permit otherwise. Read more about the Immediate 
Privacy Policy at www.immediatemedia.co.uk/privacy-policy. The winning entrants will be the 
first correct entries drawn at random after the closing time. The prize and number of winners 


9 Eyelet can be created with gas (9) 1 Animal gets articles on road to flow 
10 Ours spent money on bread (9) backwards (8) 

12 Welshman takes school platform (4) 2 Development of sun worshippers (12) 
13 Mark about to turn quietly like a wolf(6) 3 Ordered set of queens to parade 

14 Fast drama about actinon (7) around church (8) 

15 Move acot along to get in shape (9) 4 Antenna picks up song about English lake (6) 
17 Genuine thorn develops in a 5 Dangerous substance boss eats 


particular direction (4,5) when cooked (8) 
18 Fellow left snow leopard instorm(7) 6 Part of the program that a U-boat 
19 Sob in despair at a part of Europe (6) inds normal (10) 
20 Healthy source of water (4) 7 Leftover rum gives soldiers time (7) 
23 When | get a child some land (4,5) 8 Feature complaint on a rodent (10) 
25 Dry places - useless for water clock(9) 11 Remove front of steering, being a bit 
26 Bring me back my award (4) of a cow (5) 
27 Terribly mean to the Spanish- that's — 16 _Little old man has European 

hard (6) hereditary material (6) 
29 Notes suggest an accumulation (7) 19 Some pressure in the pub (3) 
32 Thief gets one a plant (9) 21 Leeks not done using internal 
34 Shout about name for place of light ramework (12) 

industry (9) 22 Final case is only a woodlouse, say (6) 
35 Baby mice used as a symbol (7) 23 Bear suffered share of anomaly (10) 
36 Attack between pavements (6) 24 Cannon does work for a very short 
37 The Romans’ champion (4) ime (10) 
38 Rule, alternatively, for routine to 25 Pass out of recollection (3) 

get trendy (9) 28 Doctor has a snack by bend during 
39 Email told about arsenic, say (9) ancient race (8) 


29 Brilliant material, awfully animated (8) 

30 Hid story about glands (8) 

31 One man’s penicillin is another man’s bond (7) 
33 Fellow finds new diet disgusting (5) 

34 Church city with a reflective look (6) 
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Post entries to BBC Focus Magazine, April 2014 Crossword, PO Box 
501, Leicester, LE94 OAA or email a scan of the completed crossword 

or a list of answers to april2014@focuscomps.co.uk by 5pm on 3 April 
2014. Entrants must supply name, address and phone number. Immediate 
Media, publisher of BBC Focus Magazine, may contact you with details of 
our products and services or to undertake research. Please write ‘Do Not 
Contact’ on your email or postal entry if you do not want to receive such 
information by post or phone. Please write your email address on your 
postal entry if you would like to receive such information by email. 


will be as shown above. The winners will be notified within 30 days of the closing date by 
post. Immediate Media's decision is final and no further correspondence relating to the 
competition will be entered into. If the winner cannot be contacted within one month of the 
closing date, Immediate Media reserves the right to offer the prize to a runner-up. Immediate 
Media, publisher of BBC Focus Magazine, may contact you with details of our products and 
services or to undertake research. Please write ‘Do Not Contact’ on your email or postal 
entry if you do not want to receive such information by post or phone. Please write your 
email address on your postal entry if you would like to receive such information by email. 
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IN SPIKE JONZE'S latest movie, Her, a 
recently divorced man falls in love with 
his computer's operating system (OS), 
a disembodied voice played by Scarlett 
Johansson. Machine and man flirt and B= 
cavort, and - spoiler alert - have sex... well, 
virtually. But could someone really fall in 
love with a piece of computer software’? | 
love my iPhone but | don’t want to marry it. 
Some people, known as ‘objectophiles’, 
do develop emotional relationships with 
inanimate objects. For some, it’s a casual 
fling with a fence or car, but for others 
it's serious. In 2007, an American woman 
‘married!’ the Eiffel Tower - a landmark 
wedding - and in 2010 a Korean man 
confessed lifelong commitment to a pillow. 
American sexologist Amy Marsh, who has 
studied the condition, calls it a ‘genuine, 
though rare, sexual orientation’, with many 
believing that their feelings are reciprocated. 
Johansson’'s character, however, is 
far from inanimate, coaxing joyful feelings 
from a lovelorn Joaquin Phoenix. The only \ 
emotion my OS has ever crowbarred from 


me was anger, the time | upgraded to Windows 8. If | were to fall for an OS, 

it would have to be convincingly human - witty, sensitive and virus-free. 
The basics are already there. Computers can recognise and respond 

to speech. Ask Siri, Apple's personal assistant, for the capital of Lithuania 

and it will either say ‘Vilnius’ or inexplicably dial your next door neighbour. 

Other recognition systems fare better, and some, versed in the ways 

of ‘sentiment analysis’ can even spot sarcasm. Brilliant. Computers can 

generate jokes. One, designed by Graeme Ritchie at Aberdeen University, 

uses pre-defined rules to compose puns such as ‘What kind of tree is 

nauseating?’ ‘A sickamore.’ Not exactly ROFL but still funnier than my ex's. 
But to be really human, computers need to recognise and respond 

to emotion. “Many of the components required for this are there,” says 

computer scientist Peter Robinson from Cambridge University, “but they're 
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not quite as developed as in the film.” Robinson, for example, has developed 
a computer that blends facial cues, body gestures, and the tone and 
content of speech to assess a person's basic emotional state. With a hit 
rate of 70 per cent it performs as well as most people, and Robinson is 
now working to program emotionally-appropriate responses. 

In the meantime, computers are already luring us into relationships, 
he warns. “Google analyses your email and your web history. It knows 
an immense amount about you, which it then uses to target advertising,” 
says Robinson. “Operating systems are already developing relationships 
with people - but ones based on knowledge rather than emotion.” Scary 
stuff. I've been going out with 
Google for over 10 years and | 
had no idea! 
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